United States Patent [
Kerrigan et al.

US005404488A
(111 Patent Number: 5,404,488

451 Date of Patent: Apr. 4, 1995

[54]

[73]

[73]

[21]
[22]

[63]

[51]
[52]

(58]
[56]

REALTIME DATA FEED ENGINE FOR
UPDATING AN APPLICATION WITH THE
MOST CURRENTLY RECEIVED DATA
FROM MULTIPLE DATA FEEDS

Inventors: Michael Kerrigan, Tewksbury;
Michael A. Dempsey, Watertown,
both of Mass.

Assignee: Lotus Development Corporation,
Cambridge, Mass.

Appl. No.: 131,018
Filed: Oct. 1, 1993

Related U.S. Application Data

Continuation of Ser. No. 588,612, Sep. 26, 1990, aban-

doned.

Int. Cls GO6F 13/00

US.CL ... 395/425; 364/243.41;
364/DIG. 1

Field of Search ................ 395/425, 600, 800, 400

References Cited
U.S. PATENT DOCUMENTS
3,344,406 9/1967 Vinal ................... ... 395/425

4,488,220 12/1984 Friedli ..cooccecurcucurccercrcreanees 395/425
4,631,673 12/1986 Haas et al. ... 395/600
4,642,760 2/1987 Yanai ........ - 395/725
4,714,995 12/1987 Materna ... ... 395/600
4,750,135 6/1988 Boilen .....oeveememccrieeecncnne 364/514

4,815,030 3/1989 Cross et al. ..cocoeeeemeeverecncnnne 395/600
4,855,906 8/1989 Burke ......ccccocovovveccurcnecenenne 395/600
4,897,782 1/1990 Bennett .......cccocoecereruecnneen- 395/600
5,043,886 8/1991 Witk ..ccoeceecurencncmrermerensanes 395/425
5,113,514  5/1992 Albonesi 395/425
5,119,485 6/1992 Ledbetter 395/425

Primary Examiner—Thomas G. Black
Assistant Examiner—Jennifer M. Orzech
Attorney, Agent, or Firm—Fish & Richardson

[57] ABSTRACT

A realtime engine for interfacing one or more data feeds
with an applications. Each of the data feeds delivers
realtime data for each member of an associated group of
items available through the data feed. The interface
includes logic for caching the most recent data values
received from a selected one of the data feeds for at
least some members of the associated group of items for
the selected data feed. The interface also includes logic
for sending at least some of the cached data values to
the application in response to a request for updates.

4,298,959 11/1981 Sundermeyer 395/425 14 Claims, 53 Drawing Sheets
1202

Application Information Structure /
Process ID - - 1210
index Number -1212
Application Type -1214
Application Flags L1216
One-time Request Info -1218
Data Feed Error info 1220
Data Feed Table Position - 1222
Field Table Position - 1224
Application Statistics - 1226
Application Interest/Filter 1228
List Info

Queue Info 1230
Feed Server Data 1232
Pointer to Call-back Function [-1234
Request Access Semaphore  |-1236
List Access Semaphore 1238
Poll Access Semaphore 1240

1242 1 Memory Heap Pointer —
1244 1 Pointer to Poll Update Buffer ——»

Instacart, Ex. 1047



Sheet 1 of 53 5,404,488

Apr. 4, 1995

U.S. Patent

I 'Old
c_//» | 1M el D—
917 NOILVINDIINOD aaid
\
(wnet
NOILVDI1ddV o
[
(w)gy ” = Ty
* (1dV) S 5_5% a3zd vivd
NOILVDI1ddV [+—] IOVANILNI (L¥) | xu\mmm_w HONOYHL-SSVd
. DNIWWV IDO ¥ INIDN3 /1$3N0OIY
(@81 NOILYDINddY | IWIL vy @)z
NOILVDI1ddV awWna | 331 viva
. z ‘sad VOINNWW
(181 02 "§3dld NOILYOINNW mm\mmww “Isvoavous

(et



U.S. Patent

Apr. 4, 1995 Sheet 2 of 53 5,404,488
DATA FEED DICTIONARY APPLICATION STRUCTURE
2110 -100 L 300
Data Feed #1 . Application Interest List
120
Control Block ™| Field Info
-110 L 400
Data Feed #2 _:.::. id Inf 11120 Data Fee(.j #1 — 1
Control Block eic Inio /| Interest List
Data Food 7 <110 // Data Feed #2
ata Feed #n . H 120 Interest List
Control Block ™| Field Info / S
' ata Feed #n
/ Interest List
Master Interest List
Data Feed #1 Appiication Filter List
Interest List [~ 1500
Data Feed #1
.| Data Feed #2 / T :
Interest List Interest List
_[Data Fesa #n V¥ IIData FeeLq #n
Interest List [ nterest List
200
FIG. 2



U.S. Patent Apr. 4, 1995

Global Interest List

Control Biock

Sheet 3 of 53 5,404,488

1016
Global Statistics #*

1002 - Initialization Flag

1004 -|_Engine Running Flag

1006 -|_Engine Process ID

1008 —| Request Add Message

1010 - Request Only Message

1012 - Delete Message

1014 - Internal Delete Message

1016 - Global Statistics  -=—

Message Statistics

Global Data Feed
Statistics

Errors

Data Feed #1
110(1) — control Biock

110(2) — Data Feed #2 CB

110(3) —|Data Feed #3 CB

o ——ere et

110(4) —{Data Feed #4 CB

110(5) —|Data Feed #5 CB

110(6) —{Data Feed #6 CB

110(7) —4 Data Feed #7 CB

1018

1020 — Application Data

Sorted Array of Pointers
1022 —{ to Data Feed
Control Blocks

1024 —{ Pointer to Memory Heap|

FIG. 3

1026 -

r‘




Sheet 4 of 53 5,404,488

Apr. 4, 1995

U.S. Patent

v "Old 0901 4
e|qeL pield ‘l_
I L# peid] pipiey Aq psiios
6801 | — 2# ploid
Aiu3z ixeN 8jqeL pield xeN| - - 0801
1xe) elejsuel) Mwww ~ e|qeL eiejsuel) payos _
£ay| elejsuesy = aiqe) eejsues - _
2601 9901 - 1unoQ ejejsuel] e# PO] dwieu ploy Aq penog
Anu3g ixeN G901 qal pield - TN
1Xe) elejsuesy - Jeujod 1xe) (% wbue pleid - 1sMn ai pieidl srolL
180
Aey| ejeisues) €901 adAL pield ozor’ i_ | I1s[] sweN piold } 9vOL
N Y g0t uopdiroseq : 18\iod e1qeL Pield | 0L
c60l g SWEN IOl |t—]
\ Lo01 \ m_nm.”_h_o_w , , seloydeweos| Zv01L
060} |
0soL xepul-ysey Jeuiod 19ong | OVOL

sjexonq jo sequiny | 8E0L

oweN edid | 8601
VSOl picosy isry 1sesery) wondlseal veoL
~*—=T1—  IBISE| O} Jelu|od

TSO0L - Sslque jo JequinN

eweN pea4 eleg - 2e01

[ 010004 181 15010101 sopspers
vSOL~| Ppiodey is] iseseiu) - 0E01L
~&——1— .gjSe| O} J6jUI0d / pead BleQ

-~ %o0ig [0AU0D
0sot z501 S8MUe JO JeqUINN [ \ po04 E1Eq
uonewioju} 1eyong oLt
(S)oE0L - ue)unoo eBessow ejejep fenseu)
(v)ocoL S Jejunod eBessew eyejeq
(€)oeot - Jejunoo eBessew jsenbey
(Z)ocot - Jejunoo ejepdn piel4
(1)ocot leunoo eBessew ppy




U.S. Paternt Apr. 4, 1995 Sheet 5 of 53
Master Interest List /2!1 0d
Record
> Length r 2002
Access Semaphore | 2004
Update Count -2006
2008
1050 Next Record
Array of Process IDs[- 2010
Bucket Information Message Count  |-2012
1052 Number of entries Record Flags - 2014
Pointer to Master 2016
1054 - Interest List Record First Field Block i
Number of enties | Key 2018
Pointer to Master
Interest List Record [~ Length
Access Semaphore
Update Count
Next Record
Array of Process IDs
Message Count
Record Flags
~ First Field Block
FIG. 5 Key

5,404,488

———i Leng@

Access Semaphore

Update Count

Next Record

Array of Process IDs

Message Count

Record Flags

First Field Block

Key




U.S. Patent Apr. 4, 1995

Sheet 6 of 53 5,404,488

Field Block 2016 Field Block 2016 Field Block 2916

2019 2019 2019
Next Field Block ———=1 Next Field Block ——={ Next Field Block
Field Data 2020 | iold Data Field Data
Field Data -2020 | Fiold Data Field Data -
Field Data 12020 | Field Data Field Data
Field Data 2020 | Field Data Field Data

: FIG. 6
2020 Field Data
\ 2022
Update Count i
Field ID -2024
Field Flags - 2026
Length of field - 2028
Field Type 2030
Data Element (Value) [ 2032

‘FIG. 7



U.S. Patent Apr. 4, 1995 Sheet 7 of 53 5,404,488

Global Application 1020
Information Structure  ,/

Open Semaphore _ 1201

Application #1

: | 1202(1)
Information Structure

Application #12
Information Structure |- 1202(12)

FIG. 8



U.S. Patent

Apr. 4, 1995 Sheet 8 of 53

Application Information Structure

5,404,488

1202

/

Process ID

L1210

Index Number

-1212

Application Type

-1214

Application Flags

~1216

One-time Request Info

-1218

Data Feed Error Info

1220

Data Feed Table Position

- 1222

Field Table Position

1224

Application Statistics

- 1226

Application Interest/Filter
List Info

1228

Queue Info

1230

Feed Server Data

- 1232

Pointer to Call-back Function

—1234

Request Access Semaphore

— 1236

List Access Semaphore

—1238

Poll Access Semaphore

— 1240

1242 -

Memory Heap Pointer

-

1244 -

Pointer to Poll Update Buffer —

-

FIG. 9



U.S. Patent Apr. 4, 1995 Sheet 9 of 53 5,404,488
) 3020
Bucket Information f
Interest/Filter List 3000 — Number of entries
Information Structure ’1, Pointer to Interest List Record +—»
3002 4 Change flag 3030 ~3022
3004 - Field Update Count Bucket Information  #~
3006 - Number of Buckets Interest List Number of entries
3008 -| Bucket Pointer Hash Index — | Pointer to Filter List Record +—»
3010 Number of Buckets | Filter List ‘3032
3012 -] Bucket Pointer Hash Index Data Feed 110
3014 -1 Pointer to Data Feed Control Block F
Control Block l Data Feed
: Statistics
Data Feed Name
Description
Pipe Name
N f buck
umber o. buckets hash_index
Bucket pointer
Semaphores
Field Table Pointer
Field Name List
Field ID List

FIG. 10

10



Apr. 4, 1995 Sheet 10 of 53 5,404,488

U.S. Patent

}

pleid 1sn
jseseju| Isui4 o} Jajulod

!

Piooey 1511
_mw._ec_ J0|Se 0} Jejulod

|y

eleqg Aoy
uojiealjddy o) Jeluod
PJOJ8Y 1517 1saslu|

jﬁz ejedlidnq o} Jejujod

picoey 1S

.—.._m_mz 1S818jUj X8N 0} Jejujod

18qUINN eoueisu| Aoy

sbejy

Ll "Old

unod ajepdn

A

pJ0o8Y IS 1sase)u)

ooLe

o pieid isi

-_1Se1elu} 15u14 o} Jolulod

piodeH I1s1]

1s8101U) JeISEW O} JBIUIOY

ISV -

eleq Aoy
uoiiedljddy o} Jejuiod

piodey IS iseselu]

alealjdn( o} Jejuiod

piodey 151

TN 1s81010) en of sejutod

19qQuNN 8dueisu) Aey

sbe)y

1unod ajepdn

Aoy L

158101 1sd]4 0} JBlUlod

15810)u) JBISBI 0} JOjujod

| uoyeojjddy o) sejujod

Pioday IS 1saieiu]

TN ejeandng ol sejujod

A

n

1sa.eju| IxeN o) Jejuiod

\

ooie

PJ0JO6Y iSI7 I1sassiu)

A plooey Is;y 1seseu;

ooLe

| PRI IS o 10
PICIBH IS(1| o\ \ o

eleQ Aoy _ZLIE

piodey Isi |, g80Le

JoquinN adue|isuy >Ov— =3 8 —.ﬂ
sbeid |- pOLE

%2018 pield isitd unod siepan |~ zo1e
sbeyy piooey pioday 1517 Iseseluy
uno) ebessepy _ oLLE
I $58201d Jo ARy | Pieid IS |/ piodey Is|] iseseju)
piodey xeN Lﬁl 1Ses8ju| Isuld o) Jejulod - ol Jelujod 1~ 220E
uno) ejepdn piedey IS §8jJlue jo JequinN
YT —— .Q_ ise10lu] 10158 O} 8.:;8.. -LLE piooed 1517 15000l 2208
N eleq Aoy 0l Je1uod
uibusT .‘!l uoljeoiiddy o} sejujog [ CHLE 75 Jo JoqunN|
pioosy Piodey Is|] iseseu)
1s17 Iseseju) Jeisepy oLLE - eledydng of Jeiuiog uojjeuloju| jexong
0002 ~plodey Isy] \
801€ -] __iseseiu) IxeN o) Jejujod 020t
QO —.ﬂ - JOQUUINN 8duBISU| AB){
14 1 e sberd |
20Le uno) slepdn

11



Apr. 4, 1995 Sheet 11 of 53 5,404,488

U.S. Patent

Z£02 | (enreA) wewei3 ereg
0€02 edA L pieid
8202 pioy jo yiBueT
9202 - sBe)4 pleid
vzozZ - Qi pieyd
2202 uno) elepdn
4 eegpley
0c0¢

117 1sesaju| J8iSey u|
eleq p|ai4 Ol J8julod

eleq pjel4 snojAeld

Pieid 1S i1seselu|
IXeN 0} Jejuiod

eleq pjold

uoneo|ddy o} uejujod

pield 1sr iselslu)

1S iseselu| Jelsepy ul
eleq pleld o} Jeluiod

- 80C¢

eleQ p|el4 SNomeld

-~ 902¢

Plel4 Isr iseselu)
IXeN 0} Jejuiod

~ 902t

ejeq pjel4
uonesyddy oy Jejuiod

¢l "Oid
ejeg plely eleq pieid
eeq piei4 €ieq pieid
eleg ploj4 eleq piotd
B e
weq pioJ eeq piod TINN
———1 %308 P|0l4 IXON %00I8 Pi9!4 IxeN
TINN / ™
\ ¥ooi8 pieid oz WOid pield
9102 % !
0202 , Ooze
0202 eeq piol4 eieQ piatJ
0202 -~ €eleq pieiy eieq plej4
0202 - e1eQ piei4 0202 - eieqg pioi4
0202 - eleq pield | 0Z0Z - Eleq pioid
~g———1 ¥20|8 Pi0i4 IXON ft———0-oy 300ig pi6}§ 1XON
1INN
\ %0Ig pioid % ¥oi8 pie4
9102 9102 -
Sp10o8Y 1IsI7 Iselelu| Jeisey
© ulgim syooig plely 4
00zt

piely Isf] iselelu|

~202CE

12



Apr. 4, 1995 Sheet 12 of 53 5,404,488

U.S. Patent

oss

piooay isi isaleju|
0} Jejuiod

SeLue Jo JequinN
e
P1098Y 1S Iseselu)

ol Jsjulod

13

Seljue Jo Jequin

plooey isi Jelji

S

ooee

€L "Old
Aoy o
o0|g piei4 isa
v_t_mm b %008 pield isi4
sbe|4 pJode
E:oo_“%mmmmn mmm_u.n.ooom
luno) ebessepy
= mmmo“““n.._vwﬂ.”““ dl $s820id j0 Aesy
e
aloydeweg ssedoy O aepan
— “yibue) aloydeweg sseddy
yibue
o0 2 piosey
1817 ISelelu] Jeiseyy R e
0oo0¢
—~— el 1si Jeyji
B _Mh.nw 0} ._._m.c_..._vnn__ S pield Isi Jelji4
. . si14 0} JejuI0
piodey isl Iselely| e _8“. I3 01 Jejuiod
leisepy o) Jejuiod | 8OEE plodey isi iseseju|
: 1000 1SI7 90€€ Jejsepy 0} Jejuiod
. y . piooey 1s1]
TINN J8lli4 XeN o1 Jejulod
SBeiy |o_| VOEE.] oM XeN olisjuiog
20ee sbeJ

pi0oeY Isy] ey

00ee /

n uonewIoju| 18%oNg

0e0e



Apr. 4, 1995 Sheet 13 of 53 5,404,488

U.S. Patent

(anjea) luawai3y eleq

8dA L pield

pIay jo yiBua?

sBei pio)d

a1 pisid

1uno) elepdn

eleQ pleid

viL "Old

- eleQ pjeid

eieq pield eleg pield uonedyiddy o} Jeiuiod

®ieQ piold eleq pleid . eleq Aoy

€ieq piald e1eq pioid uonieo)ddy o} Jejuiod

1SN 1seselu| Jejsely Ul

BleQ pjo|d ra- eleq pieid4 BleQ piel4 O} Jajuiod

.u.u_mlz. %00Ig PI8]4 1XON re—— %20i8 plold IXoN TINN pield I1si7 Jeyi4

%00i8 piol4 woig petd XN 01 Jeiuiod

7 peidisn seny
oot
=g pield | 0202 - ¥leQ pleld

Bea pleld | 0Z02 - E1eQ i} (= S Eleg plold] gobE

€leq piold | 9202 eeq plojd uopieojiddy o} 3=_>_o&

«—l- eleq Aoy
weg pield | 0202 eieq pield uoneonddy o} Jejujod ~90ve
J.._ﬂm %20ig Pidl IXON fa——{ %00/ Pi8|4 IXON IS IseJelu| Jeisey Ul yope

%08 pisid %0ig pieid £ieQ Piol o1 Jewiod

c-c«.\ pield isi 1014
Sp10o8Y IS 1Se18lu] Jeisepy XeN o} Jejuiod [~ SOVE

uIyIm syoolg ple
i 0018 piold £ peidisn e
oot

14



U.S. Patent ~ Apr. 4, 1995 Sheet 14 of 53 5,404,488

3500
¥ ¢
Queue Information Structure Queue Data (First Queue Message) 3602
3502 - Total Number of Queue Writes ™| Pointer to Next Queue Message |
3504 - Total Number of Queue Reads Pointer to Data Feed __},
3506 - Total Number of Queue Purges COnn"o! BIOCK. - as06
‘3508 - Total Number of Queue Full Errors Realtime Engine Message # I
3510 Total Number of Queue Write Errors Symbol (Key) Message # | 3608
3512 -{ Maximum Number of Queue Entries Data Feed 1D +- 3610
3514 - Current Number of Queue Entries Message Type --3612
3516 - Pointer to First Queue Message Field ID 3614
3518 Pointer to Last Queue Message  — Field Type 3616
3520_{ Access Control Semaphore Field Data 3618
3522 | Reader Wait Semaphore Key --3620
Queue Data (Next Queue Message)|a
Pointer to Next Queue Message 3600
Queue Data (Last Queue Message
: Pointer to Next Queue Message [,
FIG. 15 -
e 3600

15



U.S. Patent Apr. 4, 1995 Sheet 15 of 53 5,404,488

Message Buffer - Pipe 0 *"®
Message Buffer - Pipe 1 3700
Message Buffer - Pipe 2 17379
Message Buffer - Pipe 3 fs7o0
Message Buffer - Pipe 4 3700
Message Buffer - Pipe 5 3700
Message Buffer - Pipe 6 3700
Message Buffer - Pipe 7 }s7o0

FIG. 16

16



U.S. Patent Apr. 4, 1995 Sheet 16 of 53

Reader Buffer Number Index

— 3802

Updater Buffer Number Index

— 3804

Total Number of Buffers

—3806

»rMessage Buffer Structure #1

+— 3810

Updater Thread -Message Buffer Structure #2

3810

i

Reader Thread ——t» Message Buffer Structure #3

2—-381 0

L

Message Buffer Structure #4

5—3810

4

— Message Buffer Structure #5

113810

FIG. 17

10
/.,38

Buffer Access Semaphore

~ 3820

Buffer Access Start Time

—-3822

Message Count

— 3824

Length of Messages in Buffer [—~3826

Buffer Pointer

—3828

5,404,488

3830
/

—»  Message Buffer Area

(2K)

FIG. 18

17



Sheet 17 of 53 5,404,488

Apr. 4, 1995

18

61 'Old

JLAE ILAE

(17INN) viva 1 3LA8 HLiDNI1 ¢ 31A8 1 3LAS ¢ 11A8
viva DONIYLS ONI¥LS viva DONIdLS|viva DNI¥Ls ar anid al 14 | viva LIOHS

L 31A8 Z 31A8 1 3LA9 v 3LAS £ 31LA8 Z 31Ad 1 3179
Viva LYOHS ar anud al a4 Viva DNO1 | ViVa DNO1 | viva 9NOo1 | vivad DNOo1

L 3148 € 31A9 Z 31A9 I 31A8 EXNWAR:
Z 3LA8 L 3LAE (11NN) viva viva viva HLIDNIT
a and ar and NOILVNIW¥IL AN AdN A AN
EXDX: JLAE JLAS JLAd JLAE
LAg EIDR:| JLAS adAl 3dod a YIIWNN HLON31 HL1DNI1
a3AY3s3Y Q3A¥3ISTY a3A¥IsIy IDVSSIW svaviva NOISY3IA aNoD1s 15314

U.S. Patent




Apr. 4, 1995 Sheet 18 of 53 5,404,488

U.S. Patent

0¢ "Old

¥ 3148 v 3LA8 € 3LA8 z 31A8 | 3LAS

viva viva viva viva viva

A3 A AN AN A3

aNod3s aNod3as aNoD3s anod1s aNOD3s
$zz Ol |

1.8 AG | € 31Ad0 Z 3LA8 L 3LA8 ILAG (31Ag 1)
:Guzﬁ TI0N) Viva viva viva HLON31 IDVSSIW
AN NOILVNIWYIL| A3N LS¥4 | A3N Ls¥d | AN LS¥4 | A3¥ tsud | NISAIN 4O
ano>3s ¥IAWNN
LAS 3LA8 LAg LA8 1LAE
TRY: LA8 LA8 3dAL 300D ai YIGWNN HLONT HLON31
Q3N ¥3SIY A3A¥ISIY (CENY ERED IDVSSIW isvaviva NOIS¥3IA anod3s 18314

19



Apr. 4, 1995 Sheet 19 of 53 5,404,488

U.S. Patent

¢ "Old

autalnox asTpuey feubrs dn 38§
auT3nox 3sTtT 3rxe dn 388
*sadtd Hutwoout peaa eyl spesayl TIe Jo Kataotad 3soog
*sdegs
snotasad ay3 ur pejesao oouejsur adtd yoes peax 03 pesIyl o3jeao ‘Aiowsu 3Ooe3sS 93LOOTIVY
"4 03 sebessaul 9j3eOTUNUMIOD O3 SISAISS paad Aq pesn odtd e Jo saoue3lsuy aTdyaTnu a3e8ad
‘3L 03 pajoauuocd suotrjeoTidde pue Iy Aq Arearsnioxe pasn odTrd 93BATAd 93BOID
‘peaayl xsjepdn jo Kjraotad 3sood 8oLy
, ‘peaayl, xajepdn 893eaxd
‘Pesayl IaAI9S po9J Yoea UT posn sSI9IInq sbessow I0J AIOWSW 93LOOTTV
*sI9FInq JO HUTX UY I9FINQ ISATI NOOT
sobessaw HuTwoOUT I8FINQ 03 pPasn sIaIIng JOo BUTI ay3z I0J AIowsw 93e00TTV~ 001V
'P9I03s aae SOTISTIL]S LY 93eATId 2I9YM eoxe Axowsw padeys pameN 93e00TTV~-bOLY
FTpus
butdea)y ssnoy LAaessaosu I9Yylzo wIoJisd
*SS900ad FIY 03 oTqessaappe Axowaul ayey
Aaowsuw ut juosaad Apeaare aseqejzep oSTH
*butdeay asnoy Axessadau I9Yyj0 WI0FA3d ~_ ZoL
. ‘sweu paagejep Lq spassjezeq 33IOS
*9TTJ UOTIRINOTFUOD UT POUTIOP pPo9Jejep Yoed JI0J XopuT a[qel ysey Jo3y Azousw 9300 IV
*A1eU0T3OTP e3P 3Y3 SPITNg pue STTI uorTjeaINnbTIUOD B3Y3 sesxed ‘spesax jeyz sUTINOIX TTRD
Tood Azowsu paxeys sjeatad Jo abed 3sary ozfreraTur ~ 00MY
POZTITeT3TUT jou sseqejep 3JI
*aaoydeuss we3sks ssoooad sutrbhug sWI3Tesy 9300ID

20



Apr. 4, 1995 Sheet 20 of 53 5,404,488

U.S. Patent

£¢ 'OId

*suoTjoduuod adTd TTe 9SOTO puk 309UU0ISTJ

sebessau x93jnq o3 sse9ooad FIY Aq posn Aaowsw TTe 9914

.moﬂpmaucum dI¥ ®3eATad I03 UOT3RZITRTITUT Huranp psjeooTie Agousu pageys paueu 9934
‘sbeTy uorleZTTeT3ITUT

oseqelep 319s9x umuomccoo axe suoTjeoridde ou JT ‘suorjosuuod uorjeoridde o3 3oayd

*aseqeleq II¥ 93Ul 03 pesn Axowsw a91g

SS9001d 9uTbhbum SWTITesy 9Y3z JO UOTIRUTWIS]

¢¢ Oid
*ss9ooad ALY 9Y3l 9jeutuwial ‘paxesro st axoydeuwss we3zsAs sseooad FIA FI
STTympuyg
axoydewas gS900Y I93Ind OSeaTaYy
JFTpul
JFTpud
peaayy Iojepdn 03 IaFIng JUSIINO SSLITdIY
puUTx x93ing Ut I93INg 3IXSU YOOT
peotaTtdxe jnosuwry aviing 3II
J93inq jusaaaIno ur sobessow IJI
axoydeuwss HUTy ao3Ing qooT
putuuna st sseooad FLY SPUODIS JO Jaqunu Telxo03 Jo yoexy deooy
SO9STTTTW 00T JO JINOSWT] © JI0J JITeM
39s sT axoydewss wo3sds ssoooad FIW STTUM
‘peaaysy urtew ay3z jo Ajraotrad jsoog

SS9001d SUTHUT SWTITesYy JO UOTIRUTUWIDL JI03F O9YD

21



Apr. 4, 1995 Sheet 21 of 53 5,404,488

U.S. Patent

ve "Old

Frpud
‘abessauwl I0F 3TeM
osTd
JFTpuld
saoydewss Huta I93yjnq o9seaTdY
JFTpud
peaayy xajzepdn o3 asIjng JUSIAND I9seaTaY
Huta aezynq Ut ILIIng IXSU HOOT w‘c_.—e
potatrdxe 3noswrl I9IIng JI
_ JTpud
sonieA 3JINOSBWTI MIU 338
I933ing ur abesssw soetd
I9FIng JUBIAND Y3 HUTI I9gIng UT I9FINg IXBaU Ol
pesaayyl xojepdn o3 a9IIng JULIANO ISLITIY
. PUTI I93IING UT I3FInQ IXBU YOO
a93Inq JUdBIINO UT 3TJF JOou ssop abessay 9STH
x93jng ut 9bessam aoeld s
I93ing JUIIIND Ul S3TF Sobesssu JI
aaoydewsas bHuta aejjng }o0T
9sTd
*dooT 9bessow peax INUTIUOD
WW(N-pe

)

abessaut ssoOJ
abessau ut yzbusr abessem o3 Tenbs jou pesaa sajzhq IJT °ST

*adtd psweu ay3 UO UOTIOBUUOCD ® JX0F FTeM o3o0b ‘adrd sweu 308UUO0OSTQ
*doo1 sbHessout pesx I3eUTWIAD] Q‘o:&
0 Tenbs pesa s93iq IJI
9TqeTeae obessow JI
doo1 abessol peay

*doot 9bessou peax a9jUe ‘pPOYSTI(eRISe® UOTIOLUUOD USYM
‘ad1d poweu ay3 UO UOT3OBUUOD ® I0F 3JITeM

adfd @3eATad ALY pesy - Z peaayl

22



Apr. 4, 1995 Sheet 22 of 53 5,404,488

U.S. Patent

S¢ "Oid

JTpud
*sbessow 10J TeM
o9sTd
Frpug
axoydewss Hutx IayIng osearsy

JFTpud
pesaayy asjepdn o3 I93Ing Jusaano osesTay
buta xe3nq ut I9IINQq 3IXBU YOO
paTatdxe 3nosurty I9yIng II
JFTpud
senfeA INOSWI] MU 38F
a933Inq ur obesssu aoerd
I33INq JUBIINO BY] HUTA I9FINQ UT ISIING XU Ol
pesaays xejepdn o3 I9IIng JUSBIAND OSLITIY
bura x83ynq UT IBIINQ 3IXBU HOOT
I933Nng JUITAND UT 3TF jJou ssop abessoy osTd
a9zIng ur sbhessau aoeTd
a9FIng JusaanO Ul s3T3 sobesssw JT
axoydewss HUTI A3FINnq HOOTT
9STH
*dooT @bessoum peal sSNUTIUO)
obessau ssog
obessau ut yzbuo abesssuw 03 tenba jou peax so3Aq JT oS3
*adtd psweu ay3z UO UOTIOBUUOD ® JI0J 3Tem ojob ‘adrd sweu 309UUODSIQg
*dooT sbessouw pead 93RUTWIAST
0 Tenba peax se3iq II
aTqerteae abessau JT
door1 abessel pesay

*dooT obesssw peaa Jojus ‘pPayYsSTIqe3s® UOT3IOBUUOD UIYM
*adtd pauweu syl uo UOTIOBUUOCD ® 03 3TeM

9dTd a9AI9S pPO9d 6 - £ Speaayl

23



Apr. 4, 1995 Sheet 23 of 53 5,404,488

U.S. Patent

e . abessaul UT PTOTI IXAU 03 JUBWDIIDUT
9¢ G_u_ punoj pisty II
AaeuoT3oTp ejed peagejeq Ul pPIaTJ 93e00]
(punog 3jou praT3y) °stTd
abessaul UT PTSTI IXSU 03 JUBWSIOUT
JFrpud
soaoydewss anonb sjerdoadde oseaTod wpp i1t
*pejoagje
uotjeortdde Axsa® J03 ononb 3sTT I937T3 ut 93epdn @oerd
uotaeorTdde 3sTIT I931T3 aoJ @23epdn jewaoq
uorjeortdde 3sTT I931T1F e Aq payojzem pPToT3F JI~ EIV
ejep pPTaTJ sbessow yY3TM e3ep PISTJ paooaa azepdn
punoy pisTy II
pPa0OdX UT PIOTI 93ed0]
(ebessow Ut pTaTI Yoes Jog) dooT ss8001d PTIOTI~-OELY
axoydewss SS900Y PIAOOIY HOOT
punoy paooaa 3JI
9Tqel Ysey Ul pIooay 93007
ptTea Koy obessau jo yzbusT II
obessal a3epdn e a0 yseajoy v ST obesseu JI ~ 8LV
JTpud
JITpug
saaoydewss ssoooe 3senbaa pue Hurpuad 3senbaa uorjzeoridde IesTd
ananb Hutrpuad uorjeorrdde uo sbesssu aoerd
axoydewss ssoooe 3sonbax uoyjeoyidde 388 c«we.
obessau jewroFey
butpuag 3sanbay uorjyeortddy II
obessawl ysoxjoy e ST obessouw JI
98Tl
abessow 3XsU 03 SNUTIUOD u\vﬂwe
pITeAUT yjpbusi abessau 31
punog 3IsTT 3IS9I93UT pasjejep JI
ISTT 3ISOIVJUT pasageaep 93007
(1933nq 9ay3. ut abessaw yoes I04) doo ssov0Id 9besSSOH~~ZZIY
xe3Ing s8S9001d
fuTa 933N UT I9IINQ STJeITeAR JXau I0F JITeM
doo1 Hurssoooad Io3Ing-QZLy

peoays Isjepdn - 0T pesayg

24



Apr. 4, 1995 Sheet 24 of 53 5,404,488

U.S. Patent

q9¢ "Old

door] burssevoad ao3iind 2nUTIUOD

JFTpud
obessol 3XOU 03 SNUTIUOD —~_ GELY
9STH
JFTPUud
J04 pud
FTPUd
axoydewss ss900y posj ejeq 9SeaTaY
JFTpud

pI003dx I03 posn Axowsw saxg
X9puT 9Tqel ysey wolj pIodax DAOUWIY
SPTOTJ Ppaooax 103 poasn Aiouwsw 934 L OCLY
suotjeortdde Aue Aq asn ur j0u paooex JII
S,dI ssaooad jJo Aexie woxJ sbessaw Y3TM pojefoosse (I ssaooxd aseay
axoydewss sSsa00y pesd eled YOO
punoz paooax JI
9Tqe]3 ysey ur pIxooay o300
abessel 939T9Q TRUISJUI OY3 UT pIoOdY Yoes I04 J
obessey s939T9Q Teuirsjul e ST abessou II

JFrpuld
Ftpud
@bessow 3X3aU 03 SBNUTIUOD
osTd
JFtpud
abessawt 3xauU 03 SNUTIUOD
osTd

| Jtpug
dooT sseo0ad 9bessel aNUTIUOD
doo] ssoo0ad pPTaTd 93jeuUTWIS]
punoy jou pTaTF IT oSTA

doo1 ss9o0ad PTaTd 2NUTIUCD

25



Apr. 4, 1995 Sheet 25 of 53 5,404,488

U.S. Patent

L¢ "Old

JFTpug
uotrjeoridde o3 0ax® ue uan3sy
SSTd
JFTpudg
JFTpudg
FTeug
4STT 3TX® sseooad uo uorzoung UOT3euTwIal Tre3sur
A13us aTqey uotjeortdde jo sjusuodwoo TTe @zTTeT3TUI
Axowsu 3sTT A931TI/3sax93uT 83001V
9Tqe3 sseooad o3 gr sseocoad ppy
°Tqe3 uotjeorrdde urt 9TqertTeae ooeds IT
°7qe3 uoTjeortdde uTt jou gr sseocoad 3I
STqe3 uoTjedrTdde utr QI Sss9ooag 93007
ssedoaxd Aq sTqesseappe Azowsu paaeys ajeatad Fry oyen
uoT3iouny oeq-fred uotjeot1ddy saesg
sjusunbie uorzounyg PTTeA II
sjusaumbae uotjoung PTTRA 03 ooyd
paiasjstbax Huteq sT eyl uotjeotrtdde Jo I ssoooad 395
Putuunz st sutbugmg swr3Tesy II

baa @31 :uoTjounyg uotrjexysthoy

26



Sheet 26 of 53 5,404,488

Apr. 4, 1995

8¢ "Old

FTpPud

AISTT 3TX9 ssodooad WOIJ UOTIOUNI UOTIBUTWIADY] DdAoWSI Axessoosu JI
- J93utod desH Aaowsy 9914
Ao 03 dI 39S) @o1qel uorjeorrdde woxy pr sseooad sAouwdy
FTpug

ISTT A93TTF ©SOTD

ISTT X93TTJ °93oT1=d

ASTT I931T3F u=ado
(buteonanb » Hurytred) ,yzoq, Io0 ,Hutrenenb, 8T 9dA3 uotrjeotrtdde 3II
ITq 3Isenbax 83TaIm 3,Uuop ILSTD
JTpug

ISTT 3IS9I3]UT 9SOTD

3Tq 3Isenbax 93Tam 3,uop 39S

a43o0q, ST uoTrjeortdde JII

ASTT 3IsOa9jUT 939Taq

ISTT 3Isexajutr uado
Aozﬁmzmzu 3 burttod) ,u3zeq, xo ,burrrod, sT °di3y uotjeortdde 3II
- 9dkyL uotqeortddy ooyd
soxoydewss 39s Aue JeaTd

27

U.S. Patent

91qe3 uotjeortdde utr I sseooad JII
9Tqe3 uotrjeorTdde ur QI Sseo0ad 93ed007]
dIl ssed0xd 23199

EHOH'QU..H sUoT3IdUNI UOTIRUTWII],



Apr. 4, 1995 Sheet 27 of 53 5,404,488

U.S. Patent

o€ "Old

FTpud
FTpud
FTpud
. JTpud
uotjeortdde 03 uaniay
91qe] po9ajejep ur uorjztsod uorjeortdde aequawsy
‘paagejep
TeoT3iaqeydre 3xsu I0J UOTIRWIOIUT pPaagejlep Y3TA aanjonays uorjzeortdde TTT4
ISTT Pe33F ejep JO pus e jou JI
pautjop speajeiep Aue IT
aTqel3 uotrjeoridde ur qr sseooad 3II
putuuna sseooag sutbug swurltesay IJI

Fpaxu3eh 931 :oueN posgejzed [esrieqeydiy IXSON 104 UOTIRWIOIUT poaagezed 399

6¢ "Old
JTpud
JTould
FTpuld
uotjzeortdde 03 uaniysy
aTqe3 poagejep urt uorjlrsod uorjeortdde Jaquausy
- *poagelep
TeoT3yaqeydie 3sSaTF IOF UOTIRWIOIUT peadgejep Y3TM aanjonays uorjzeoftdde 1114
. poutjeop spesjejep Aue JI
aTqe3 uotrjeortdde utr QI sseooad II
butuuna sseooxd sutbug swrjzTesy JII

Jp3s3z3ab 93a :oweN pesjejed TeoTidqeydiy 3ISATA I0d UOTIRWIOIUT poajezed 399

28



Apr. 4, 1995 Sheet 28 of 53 5,404,488

U.S. Patent

¢t "Old
JTpud
JFTpug
Frpud
uotjeotrTdde 03 uanjay
91qe3 PTOTy ut uotrjzrtsod uorjeortdde asquaway
*PTSTF Teoriaqeydie 3saTJ I03J UOTIRWIOIUT PISTII YITM 2an3onays uofjeortdde TITJI
SPTeT3 °©ae @aasyy JI
punoj peosgejep JI
pergoads posjejep 93ed07]
aTqey uotjeoridde ur gr sseooxd JI
putuunx ssoooad surbhumz surtiTesy II

PT33IS3396 931 :auweN pratd TeoTIeqeydivy 3SITd I04 UOTIewIOIUI PIOTd 399

1€ "Oid

JFtpug
FTpud
JtTeud
, FTpud
uotjeorTdde o3 uanisy
UoT3eWIOIUT poagjelep Y3iTA aanjonxls uorjeotrtdde TT1Td
punoj uoTjewIojuil poasgezep II
JTould
9pOO UOT3eDTJITIUSPT podjejep HUTSN UOTIRUIOIUT paaJejep 33eO07]
\ 9sTd
aweu psagjejep HUTSN UOTILWIOJUT pI3aFejep 93vO0T]
pat3toads suweu pasgejep II
pautTyop spoasajelep Aue II
aTqe3 uorjeorrdde utr QI sseooxad 3II
putuunx sssooxd sutrbug swrlTeay II

Jp3eb 93a :uoTjzeWIOIUI pooFeied 339D

29



Apr. 4, 1995 Sheet 29 of 53 5,404,488

U.S. Patent

v 'Oild

JF1pud
JFTpud
Jtpud
FTould
UOTIRWIOFUT peajejep Y3TA sanjonays uotjeoitdde [{Td
punoy uotjewaojut pTaTI IT
, Frpug
Spod UOTIEDTITIUSPT PTOTI HuTsn uoTjeWIOIUT PTOTI 93e007
osTd
sweu pTaTy Bufsn uUOTIRWIOFUT PTITI 930007
petrIToads aweu pTaTy II
UOTJRWIOJUT PTSTF 93007
punojy uotjewIojuy pesjezep II
JTeud
9pO0d> UOTIEDTITIUSPT padgejep Hursn UOTIRWIOJUT poagelzep a3e00T]
. o814
sweu paojejep HUTSN UOTIRWIOJUT podFejep 93e0071
potTiToads sweu paagejep II
uotTjeWIOIUT posageleq aj3eo0q]
aTqel uotjeorrdde uy qr sseooad 3Ir
Hutuuna sseooad sutbum swyjTesy II

PT3396 ©31 :uoTjewaour PTaTd 399

€€ "Old

Ftpug
F1oug
JTpud
uotjeortdde 03 uanisy
oTqel PIaT3 ut uor3ztsod uorjzeofrdde Jequoway
*PI9TF TeoTisqeydie 3Xau I0J UOTIRWIOIUT PTSTI UITM 3IN3ONILS uotjyeortdde T1T4
ISTT PISTI JO pus 3e jou JI
aTqe3 uotjeotridde utr gr ssesoad 3Ir
butuuna sseocoad surhuy swr3Tedy II

PTIIXUEH 93X :aweN PTaTd TeoT3zeqeydiv IXoN 04 uoT3eWIOIJUI PIDTA 38D

30



Apr. 4, 1995 Sheet 30 of 53 5,404,488

U.S. Patent

Ss¢ "Old

FTpud
JFTpud
JFTpud
, JTpud
3Tq ber3y uado 3STT 3saxajur uoljzeortdde 398
uotjeotrTdde y3ztm Axouwsw LY aIRYS
aaoydewss ool 110d 2388
axoydewss uado 3STT I93TTJI/3ISaI93UT 38S
Ies1o st axoydewss uado 3STT I93[TI/3ISaaajzur 3II
pauado jou 3STIT 3saI93jur JI~ 202k
uotjeoTTdde Hurrrod ® ST uorjzeortdde 3II
aTqel uotjeoTrdde ur QI sseooad JI

3sTrTUado @3x :3sSTT 3sedejzur uado

31



Apr. 4, 1995 Sheet 31 of 53 5,404,488

U.S. Patent

ege G—n— axoydewas }OO0T pPIOOSX ISTT ISOIIJUT J93seu 398
FTPUd -

paooaa ut arqel pT sseo00ad o3 pT ssaooad uorjzeoridde ppy
pIooax yo afqel pT ssed00ad ur jou pr ssoooxd uorjzeoridde 31
JtTpud

pe9ajejep J0J junoo abesssul ppe JUsUWLSIOUI
sbeTJ paoosx ur 3Tq abessem ppy puss 39S A
pIooax mau 3II
, FTpulg

peajejep I0J X9put ysey 03 pIooax ppv

plooex J03 antea ysey ajndwod

sjusuodwod pIooax 9ZTTRTITUI

PI009I JSTT ISOIDJUT J93SeWl MBU I0J KIoWSW 93D0TIV
3ISTT 3S9I93UT J93Sew UT punoF jou Aay qu
JFTpud
JTpug 9

poajejep J0J JuUnoO abessaul ppe JUBWSIIOUT
sbeT] paooax utr Hery sbessouwl ppe puss 3398
398 berJ juss 939Top IJI
pIooax ut s3tq 9bHessaw 9j3arap Aue esun

21344

~ VIV

~~ Zicy

ISTT 3IsSoa8juUT Jajsew U punoJ Koy JI
3ISTT 3Isea93UT J93sew uf A9y ppe ajzeoo]
axoydewss 3STT 3IS9I93UT J93Sew paajejep FAIN YOOT
JFTpud

ISTT 3ISSI93UT poagejep uorjzeortdde ajeaxd
punogy jou 3ISTT 3IsoI93UT poajejep uorjeortdde II
3ISTT 3IsSea93uT posgejzep uorjeoridde o3ed07]
axoydewas OOT 3ISTIT 23I9S
uotieortdde jo L3taotad 3soog
puUNOJ UOTILWIOIUT PTOTI pue paajezep

oley

JI

UOT3RWMIOJUT PIDTJ 93e00T
peppe ST We3T 9Y3l YOTUYM O3 UOTIRWIOIUT podjejep 93e00T

pauado ST 3STT 3Isaxajul pue uorjeortdde Hurirod ® ST uorjzeoridde

31

atqel3 uotrjeoTrdde ur QI sseooad 3II1

ISTTTPPR 931 :3STT 3S9I93UI 03 We3I PPY

32



Apr. 4, 1995 Sheet 32 of 53 5,404,488

U.S. Patent

qog "Old ISTT NUTT PTST3 Jo BuTuuiheq je pTeTJ MeU 3ISSUT
ITPUT
ejep HUTIIS a03 AIoWwoW 23LOOTIV

PI9T3 butays e ST praty II zeey
ejep praT3y 9jeatad uogjeojtdde asquaway
PT®TJ pPI0oax 3JISTT 3s9a93UT uorjeorrdde mau 03 Laowsow 93v00TTV
paod8ax 3ISTT 3Isoa93uy uofzeortdde ut punoy jou PIetI II
pIooax 3ISTT 3Isoa9ajuT uorjzeoytdde utr preat3y o3eoo]
ejep AaY) 8jeatad uorjeorrdde Iequawey
pIooax 3ISTT 3ISII9JUT J93sew 03 vuoomu 3STT 3Isaaajut uotjeorrdde jutod
JTpud
JTpum o
ISTI x:ﬂa aniea ysey o3 paooaa ppv
98Td
JToud
ISTT MUTIT @nTeA :mm: 03 paooax ppy
o8Td
ISTT JNUTIT ontea Loy ajeorrdnp 03 paooex ppv
enTeA Loy ajzeortdnp 3II | ozzy
Koy @3e00n
anfea ysey ajeortdnp 3II
pI008x 3ISTT 3ISIA9JUT I0J anTea ysey o3nduwon
pIooax 3ISTT 3Isaxejur uotjeorrdde Jo Aaxowauw 83e00TTY
3ISTT 3Isaxaqutr uotjeotrdde ur punojy jou Kay qu
3ISTT 3Isaaajuf uotjzeoridde uy Lay ajzeoco]
aaoydewss 3ISTT 3S9I93UT J9jseu paajejep LY IeaTd
axoydewas }OOT PIOOaI JISTT ISSIASJUT I93SeUl ILSTD
JTpud
JTpud -~
sberJ paoodx ur 3Tq abessawl YsoIFel puss 38s
398 j0u 3Tq obesssu ppe JI
sjusuodwoo pPIOTF SZTTLTITUI
JTpug
pIooda 3ISTT 3ISOILSJUT I93FeW 03 YOOTq PTOTI MOU PPV L 812p

YO0Tq PIOTI MOU B J0F Axowsw 93eOOTTY
S}O0Tq PTOTJ PIOOSI e UT PUNOI 30U PTOT3I pesnun JI
SYo0Tq oamam pPIo0dI 3ISTT ISSISJUT I935eW UT PTSTI pesnun ue putd
PI0D®I 3ISTT 3ISSISJUT I93SeW UT PUNOJ 30U PTSTFF I
PI0D09I 3ISTT 3ISOI2UT JA93SeW UT PTOTJ 93L00T"

33



Apr. 4, 1995 Sheet 33 of 53 - 5,404,488

U.S. Patent

99¢ "'Old

JTpud
JFTpud

uotrjeortdde jo Ajtaotad asmol

axoydewsas }OOT 3ISTT Ie91d

per3 3Tq 939T9P paodoal 3saxajurl uorjzeorrdde aes1d
peTI 3Tq Shueyo pPIOOaX ISTT 3IsaraajuT uotjzeoridde jos~ 9TeY
anay 03 Hery 3sTT 3Isoxojur abueyo j38s-~.bveTh

JFTpud

34



Apr. 4, 1995 Sheet 34 of 53 5,404,488

U.S. Patent

LE "Old

Jrpug
JFTpud
uotjeorrdde jo Ajtaorad aaojsay
axoydewas 3}O0T ISTT ILITD
JFTpud
ITpud
: Io03pulg
SPT®TJ paodoax 3IsTT 3Isaxsjzutr uorzeortdde TTe @39T9d
PI009x JSTT 3Isoaejut uorjeoridde ur 3Tq PIOOLI ©39T9P 39S
9j3eorTdnp yoes Io4g
s9jedTTdnp T1e ®@39Tep JII
SPI®TJ pPaodsa 3IsTT 3Isaxejur uorjeortdde [Te 93918d
PI0O3ax JISTT 3ISda93uUT uotrjedrtdde ur 3Tq pPIooax 939T9p 39S
punoj pIoosx 3IsSTT 3Isexajur uorzeorrdde IT
PI0OD®I 3ISTT 3IsaIojuT uorjzeortdde sjzeoo]
aaoydewss }OOT 3JISIT 3I8S
uotjedTTdde jo A3traotrad 3soog
puno3j uotjeWIOIUT podJejzep II
PO3STapP ©q 03 ST A9y ay3 YOTUM WOIJ UOTIRWIOIUT poasJesep ?3eo007
pauado ST 3STT 3S9I93UT pue uotjeortdde burtrod e st uorjzeoridde 3T
91qe3 uotjeortdde ut gr sseooxd JIT

hmxﬂawulmuh :ISTT 3soxajul woajy A9y ajsreq

35



Apr. 4, 1995 Sheet 35 of 53 5,404,488

U.S. Patent

8¢ "Old

JFtTpudg
JFTpug
FTpug
JFTpud
uotrjeortdde jo Ajtaorad axojsay
axoydewss YOOT 3ISTT ALSTD
JTpud
FTpug
I03pud
JF1pud
PaA009X 3ISTT 3Isaxeajzut uorjzeortdde woxy pIaty °239T°d
- S3STX9 PIeTI 3II
pI009x 3STT 3Isexejut uorjeoridde yoes aog
SpI0ooax 3ISTT 3saxajur uotjzeoTrdde sjeotrTdnp TTe WoxI PToTI °39T9p II
JtTpud
pI00ax 3ISTT 3saxajuT uotjeorrdde woxl prafl 939t1ed
: S3ISTX® PTaTI JI
punogz Aoy 3II
3STT 3Iseasjut uorjzeorrdde ur Loy ajzeoor]
uotjeortdde jo A3traotrad 3sood
aaoydewas YOOT 3ISTT 3ISS
punojy pesjejep JI
3ISTT 3saxajuT uorjeoTtdde utylzTm pesagjejep a3eo07
PUNoj UOT3eWIOIUT PTOTI II
P939T9p 3q 03 PISTF JO UOTIBWIOFUT PTSTF 83eD01T
punoJ uoTjeWIOIUT pasFeiep IT
Pel19TadpP 99 03 ST PT9TI 8Y3} UYOTYM WOIJ UOTFRWIOJUT poajeiep 93e007
peuado ST 3STT 3seasjut pue uorjeortdde burirod e ST uotjeotrtdde 31
_ aTqe3 uorjeortdde ur gr sseocoad II

PISTITIOP 931 :3STT IS9I93UI WO PIaTd o3°9T°d

36



Apr. 4, 1995 Sheet 36 of 53 5,404,488

U.S. Patent

6€ "Old
JTtpud
FTpud
uotjeortdde jo Aj3taotrad aamo
axoydewss HOOT IJISTT 3ISIIDJUT aALSOTD
: d03pud
103pud
J103pud
103pud
SPT9TI pI0odax 3STT 3saxajur uotrjzeortdde Tie a39trad
pI0oax 3ISTT 3IsaxajuTr uorjzeorrdde UT JITq PIOODI 939TIOP 39S
pPIooax 3ISTT 3IsSoI93UT antea A9y 8jeorTdnp yoea aod
pPIocoax 3ISTT 3ISOISJUT antea ysey ajeoTTdnp yoes xod
ISTT 3ISeI9JUT poagejep UTYITA 39donq ysey yoes xod
3ISTT 3s9x93ut uoTjeorTdde UTYITMA paagelep yoes aod
uotjeortdde jo Ajtraotrad 3soog
aaoydewsas 3I}O00T 3JISIT 2I9S

psuado sT 3sSTT 3soaojur pue uorjeorfdde Buryrod e sT uorjzeorTdde II
aTqe3 uotrjeoTrTdde ur Qqr sseooad JI

ISTTTIOP 93X :3STT 3IS9I93jUI 93319d

37



Apr. 4, 1995 Sheet 37 of 53 5,404,488

U.S. Patent

eov "Old

Io03
FTpud
Iozpug
JFTpud
pIooax 3STT 3ISea93uUT 9@39T9d
SPTe®TJ PIOOdX 3IST[ 3ISOIL3UT [Te 239T°d
ISTT YUTT SOURISUT PIAODIX 3S8I9juUT 93eorrdnp oS0y
UOT3OT9pP J0J poyIew pIoo3IX IT
90UR3SUT PA0OIX 3ISOISJUT @3zeorrdnp yoeo Iog
S90UR3SUT PIOOSI ISTT ISSAIJUT BWOS d32TOP I oS1H
ASTT YUTT PIOOSX 3ISTT 3ISSIIUT onTea ysey o3eortdnp 3988y
103pug
pPIooel 3ISTT 3ISOI9JUT 939T9d
SPT9TJ PIOODI ISTT ISO9I93UT [Te 939T°9d
90Ue3SUT PIOOSI 3ISAIIJUT 8j3eoTTdnp yoea aog
Jrpua
JTpud
UOTI9T9P I0J pPIODaX I@jseul YIew 9STH
ATuo 939719p TeuIajzUT I0F NIeKH
ppPe J0J p9aeuw JI
suotrjeortdde a9yjzo Aq pasn jou paoosx xajsew JI
S90UR3SUT SPICODI ISTT 3ISSISJUT TTe 239T9p II
PI009x 3STT 3IS8aI93UT anTea ysey ajestrdnp yoes
X9puT 3JSTT 3ISOASJUT po9Fejzep UT 39NONg ysey yo

d03pul

d0jpud
puyg

049
°9 J04

J

~ 00EY

J

ISTT 3Isexajur uorjeoTrdde aarjus UTY3ITA ISTT IS8I93UT po9jejep TenpTATpPUT Yoes J0d
axoydewss }ooT 3ISTT 3IeS
. uotrjeotrtdde jo Xj3taotrad 3sood
pauado ST 3STT 3SOJX93UT pue uorjeotrtdde burrrod e st uorzeorrdde 3T
9Tqe3 uotjeotrTdde ur qr sseooad IT

ISTITOSOTO 93X :3STT 3ISOI93UL 9SOTD

38



Apr. 4, 1995 Sheet 38 of 53 5,404,488

U.S. Patent

qov "Oid

I93Inq obessow ppe 03 3ISTT 3ISOILDJUT I93SeW WOIJ Kax Adop
Frpuld
JTpug
I03puld
paooax
ISTT 3IS9a93UT I938eUW UT sbely 37q sbesseu 939(ap ‘ysexjax ’‘ppe aead
ebessou ppe ur A9y yoes Jog
juss abesssuw JT
I9AT98 poaJ 03} obessauw ppe puss

~ 90EY

1IN a933nq sbessaw ppe JusIano JI
®bessau ppe 1037 pe)IeW PIOODI I9ISEU PUR IIAISS pPodJ JIews II 4

39)oNg ysey Xaput 3ISTT 3IS9ISJUT I9jSeWw Yoes I04
‘038 ‘sIejunod ‘sisjutod a93Ing abessou 9ZTTeT3TUI
Atbutpaoooe Hery uado aoales posg 3os YOty
9Tqel arpuey adrd woxy orpuey odrd a9Ax9S pesl 389
0 ueyy xejeaab sjunoo ysaxjox ‘selzaTop ‘sppe II
3}00Tq TOIjU0D pesgejep yoes Iodg

adtd ojeatad ITY

JFTeug
uado

dI¥ 03 3senbax 939Tep 93TaM II

Frpud-
J03pud
FTpug
*arqey arpuey adyd uy arpuey adjd IoAlxes peal Jaquiswoy
; 98Td
oTqe] aTpuey 2drd uy aTpuey adtd I9aI98 P93 Joquouwsl pue adtd axeaaes peaJ uado
azoydewss odtd peajejep oo
pauado Apeaare jou adid a9Ales poa3 II
Ftpug
betr3 ary o3 3senbex sjzeTop 93TIM TeUIDJUT uv 98
0 ueyy ao3eaab oJe S3UNOD ©VTSP TRUIIJUT IO 939T8p II ~ C0EY
JIeus ST pIsjejep puv ¢ ueyy Jejzeaxb sjunoo yseagex ‘se3eTep ‘sppe II
JO00TQ TOa3U0d pesgejzep Yoes I04
‘UOTIRUIOJUT I0AID pasgelep S2ZTTeTITUL
SPI0O9T I9qUWAWSX IOF Axowsu 93RO0V
ber3 uado sadid 3es

gSIVd 03 398 sI9Aaes peag HerJ o3Tam odrd ou I’

39



Apr. 4, 1995 Sheet 39 of 53 5,404,488

U.S. Patent

oY "OId

JrTeud
Jo3pul
JTpud
I333nq abessou 939T9P IIY 03 3ISTT ISOIDJUT I93SeW WOIJ Koy KXdop 9
Jtpuz
FTpoud
IoFpud
Paodax 3ISTT 3S2I93UT I93Sewl Uf sbely 3Tq juas abessaul 939T9pP 39S 21314
obessow 939T9p FLY utr Loy yYoes ao4
Juas abpessawm IJT
JLY o3 obessou 9j3a19p FLY pPuSS
TInF aa3Ing abesssw s39T9p ALY JUsIIND IT
obesseu 93979pP FIW I03J pojyIeuw pIOOSI J9jsSew FTOSTH
a933nq sHessow 939TOP 03 ISTT 3ISOISIUT I93sew woa Aoy Adop o
Jrpud
3Tpug
Jojpud
PI009I ISTT 3ISOIJUT I93sew Uy Herl 3Tq Juas abessau a39Top 3OS
Pa00dx 3JISTT 3IS9I9JUT a93sell UT sHer 3Tq abessaw 939T9P ALDTD L OLEY
abessow a39Tep utr L9y yoes o4
I9AI98 pP9dI 03 Juas shesssw JJI
qI4 03 obessou 93979pP puss
I9AJ98 P98I 03 obessauml 939T8p puss
IInF I933ng sbessow 939T9p JUSIAIND JT
obessom 939Tap I03J PayIeW PIOJSI I9JSeW Puk ISAISS PO jIeus uﬁwmﬂmL
as33nq obessaw Ysaajed 03 3IST[ 3ISOIL9UT I9ISem WOIF Koy Adop
FTeud
JFTpud
ao3pud
pIooax
ASTT 3IS9I93UT I93sew UT sbely 3Tq ebesssw 83a[ap ‘yseiIax ARSTD
ebessou ysaxgex uy L8y yoes Io04 ~80EY

jues obesssu JT
I9AI98 PO93J 03 dHesSSOW YsSoIxIax puss
TINF I93Ing abessow ysaajad jusIand JII
obesseul Ysaxjel I03 palyIeW PIOOIX ISJSEW pue ISAIOS PadI JIeuWs JToSTI/

40



Apr. 4, 1995 Sheet 40 of 53 5,404,488

U.S. Patent

POY "OId

Jtpug

uotyeoridde jo X3raotad aemon
axoydewss 3oor Trod Iea1d

axoydewss usado 3sTT 3saxejur aestd
axoydewss 3007 3ISTT ILSTD

pauado 3T eTpuey adid mL¥ °9sOTDd
soTpuey adrd Ieaxes pesag uado TTe 9s0TD
d103pud

. 3Tpud
JdoFpud
PI0D31 3STT 3IS8I83UT I93seul UT Hery 3Tq juss osbhessau 939T9p 388
obessau 83a9Tep ILY utr L8y yoes Iog
dId 03 9besssuw 9313T9p FLY bututewsy pues
L3dwe jou ae3zing obhessau 93eT9p ALY II
FTpud
Iogpug
PIOOSI 3JISTT 3Isaa93UT I93sew ut Hery 3Tq juss obessou 93919p 3°s
obessaw 939T9p ut Loy yoes Iog
dL¥ 03 abesssu ajarap bututewsa puss
A9AI9S peaj 03 abesseul 939T9p HuTutRWeX puss
K3dws jou a93yng sbessau 939T9pP pue IDAIDS PoIF Jaeus MHL

FTpug .,
103pud
PIODDI 3ISTT ISSISUT II3sew UT He(y 37q obessew YseIox JesTd
abessau ysexgaax ur Ley yoes Io4

A9AI9S pPadF 03 obessaul YsoIJox buturtewax pues

KA3dws jou xo3jnq abessau Usoaajex pue I9AI9S pPIvag jaeus 3I |

FTpud
d03pug

PI0091 3ISTT 3Soa93uT Jojsew uy el 37q obesseu ppe JesTd
obessou ppe ur Loy yoee o4
I9AI9S POz 03 abesseml ppe HutuTeWSI pUSS
A3dwe jou a9y3ng obessom bpe pue IsAx9s peag jxeuws II

ocey

— 8LEY

~9LEY

viey

41



Apr. 4, 1995 Sheet 41 of 53 5,404,488

U.S._ Patent

v "Old

JFTpud
JTpud
JFTpug
JFTpuyd
3Tq bery uado 3sTT 1931713 uoTrjeorrdde 3°s
uotjeortdde y3zTmM AJouwsw FILY oIeYS
agoydewss usado 3STT I93TTI/IS9I93UT 39S
JIeaTo ST axoydewds uado JISTT IA9ITTI/3IsexajuT JI
pauado jou 3ISTT IA93TTI II
uotjeortdde Hurnenb e sT uorjeoTTdde II
atqel uotrjeortdde utr qI sseooad 3II

asTrIuado @31 :3STT I93TTd uado

42



Apr. 4, 1995 Sheet 42 of 53 5,404,488

U.S. Patent

ecy "Old
FTpuld
PIOOBI JISTT ISVASJUT A935eW 03 HOOTq PISTI MIU PpY
}OOTq PISTI #dU © I0F Laowsw 23001V
SY00Td PISTJI PIOOSI B UT punoj j0u piary pesnun JI
SYOO0Tq PIOTJ PIODDA ISTT 3ISSISJUT J93SeUl UT PISTF pPasnun ue purd
paooax 3ISTT IS9I9UT I93SW UT punog jou piat3d JI
Pa009I ST 3ISOI93UT JI93SeW UT PISTI 23001
axoydewas YOOT pPI0OSI 3ISTT 3ISIIIJUT J938eWl 388
Frpug
pIooax uy arqel py sseooad 03 pT sseooad uorjzeoyrdde ppy
pPI0o9ax jJo arqel pT sseooxd Ut jou pr ssoooad uofjeorrdde II
JTpud
pIooax ut s3Tq obesssuw 939T9p Aue josun
pe@jejep a0J junoo abesssw ppe FuswLIoUI
sbeT3 paoosx 3STT 3ISO9I93UT I93Sew UT 3Tq obessewm ppy puss 39S
paooax msu JII
FTpud
ISTT 3SaI93UT I93SeW podajeiep JI0J XIPur ysey o3 pIooax ppy
pIooaa 103 antea ysey aindwod
sjuauodwoo paooax aZTTRTITUI
PI009X 3ISTT ISOILSJUT I93Sew MU J03F Laouwew 93vO0TTV
ISTT I89a9jUT I93Sew Ut punoy jou L8y II
IASTT IS9IT9JUT J93seW UT A9y ppe 93e007]
axoydewss 3ISTT 3ISO9I93UT I93Sew paajeiep FLY 00T
JFrpug
ISTT 2193113 podgejzep uorjeortdde ajzeaad
punog jou 3ISTT I9I[TF poegezep uofjeorrdde JI
ISTT A9ITTF poajejzep uorjzeoridde e3zeoo]
axoydewas 00T 3ISTT 3OS
uotjeotrTdde jo X3taotad 3soodg
punoj uofjewIojuf pTetT3F. pue pssgeljep JI
UOT3IRWIOIUT PIOT3F 93eD07T
pappe ST Wa3T SY3l YOTYM 03 UOTIRUIOJUT paajejep o93ed07
pauado ST 3ISTT I93TTJ pue uotrjzeorrdde Hutnenb e st uorjzeoridde 3T
a1qe3 uorjeoridde ut qr sseocoad 3IT

ISTIIPPE 931 :3STT I93TTd 03 We3I ppv

43



Apr. 4, 1995 Sheet 43 of 53 5,404,488

U.S. Patent

act "Oid

JFTpud
FTpula
uotjeotrdde jo A3rxorad saojzsey
axoydewas }OOT 3JISTIT aAeSTD
Frpud
‘9t1qel
ss900ad uotjeortdde 03 Xeput ue ST 3yl PISTJ PIOOBX ISTT ISSAIJUT I93SeW UT 3T 39S
PT®TJ PI0OO3X 3ISTT ISSIBUT I93sewl 03 PISTJ PIOOdI ISTT A9ITTI jutrod
elep PTaTy @jeatad uorjzeorrdde Jsquauey
ejep A8y sjearad uorjzeortdde Jsquouwsy
ASTT PI9TI Jo butuurbeq 3je Prar3y ISTT ILITTI JAeSUT
PT9TJ paodax 3ISTT I931TJ uorjzeorrdde mau 103 Laowsuw 93e00TIV
PI0081 3ISTT I93[TJF uorjzedITdde Ut punojy jou pIatTy JI
pIo0ax 3JISTT PT3TF uoTjedorrdde ur praty =j3eood
PI0OSI JISTT 3IS8I93UT I193SeW 03 PI0OdX ISTT AS9ITTF uorzeoridde jurod
FTpud
ISTT JUTT enTea ysey o3 pIooax 3ISTT I931T3F PPV
Paoddx 3ISTT I93TTI 03 anTea ysey o3ndwo)d
PI003x 3ISTT I931TF uorjzeotrdde o3 Axowsw 93e00TIV
ISTT a93T7TF uorjzeorrdde ur punoy aou Aoy I
ASTT I93TT3F uoTjeortdde ur Lay sjeoo]
sxoydewss 3ISTT 3ISOI9JUT I93Sew poagelzep AL XeaTd
oxoydewss OOT pPIooax ISTT 3JISoI93UT Jo3seu IeaTd
Jtpuz
sbeTy paoosax ur 3Tq obHessow ysoaJoy puas 388
sjusuodwod PTOTI IZTTRTITUT

44



Apr. 4, 1995 Sheet 44 of 53 5,404,488

U.S. Patent

e "Old

Ftpud
JTpud
uotjeotridde jo Ajtaotrad axojzsay
axoydewds YOOT 3ISTT ILSLD
JFTpud
SPT9TI pPI0d3ax 3ISTT I9TTJ uotrtjzeoridde TTe 939194
uotjeortdde styy Aq pasn sbery s3tq SPTSTJ pPIodox 3JISTT 3ISOISJUT J93Seul Ie3TD
PI0031 3ISTT A9JTTI uorjeoridde Ut 3Tq pIoosx aj3aTap 3o
punoj paoosx 3sTT A93TT3F uorzeortdde JI
pa0ooax 3ISTT I931T3 uorjeortdde aj3eo0m
aaoydewss YooT 3ISTIT 39S
uotjeotrtdde jo KL3taorad 3soogd
puUnozy uorTjewIoJuT pasdgjejep II
pel3afep aq 03 ST A8) 8yl YOTUM WOIJ UOTIRWIOIUT pPoaJelep 23eo0T
pauado ST 3STT JI93TT3F pue uotjeotrtdde bHurnenb e st uorjeortdde 3T
a1qe3 uorjeoridde ur qr sseooad II

Kox3Top ®31 :3STT I937Td Wox3 Key =39T=d

45



Apr. 4, 1995 Sheet 45 of 53 5,404,488

U.S. Patent

vy "Old

JTpud
JFTpug
FTpud
JFTpug
uotjeorrdde jo A3taxorad asmor
axoydewsas o071 3ISTT aAeSTD
JFTpugd
JTpuld
PI003x 3ISTT A931T3 uorjeoridde woxz prer3y 939T°d
uotjeoridde sty3l Aq pesn Hery 3Tq PTSTI PIOdaI AISTT 3SSISJUT J93SeW JedTD
S3ISTX9 pPIaTy JI
punogy ZXay 3I
ASTT a93TTF uorjzeottdde utr Koy 93eo0q]
uotjeortdde jo A3taorad 3soog
sxoydewss 00T 3ISTT 39S
punogy psajejep JI
ISTT I93TTF uoTjeorrdde UTY3ITM peajejzep 93e007T
bunog uotjewaojut praty II
P939T9pP aq 03 PT3TJ JO UOTIRUIOFUT PTSTI 93007
puUnoy uoTjeWIOJUT posjejep II
P933Top 99 03 ST PTSTI Y3 YOTYM WOIJ UOTIRULIOIUT pPoagejep 23eoo]
pauado ST 3ISTT I93TTJ pue uotjeotidde burnsnb e st uotrjzeoridde 3T
o1qe3 uorjeoTTdde ut gr sseooad II

PISTIITOP 93X :3STT I9ITTJ WOIF PT9Td 939T3a

46



Apr. 4, 1995 Sheet 46 of 53 5,404,488

U.S. Patent

St "Old

Frpug
JTpuld
uotjzeortdde jo A3raotrad saojzssy
axoydewss IOO0T 3ISTT ILSD
I03puy
do3puyg
J03pud
SPT9TJF pIodax 3ISTT A93TTJF uorjeortdde TTe 93aTad
uotjeoTrdde sty3z Aq pesn sbery 31q SPTOTI PIOOAX JISTT 3S8I93UT I93Sew AeITD
Pa008x 3JISTT A93TTI uorjedTrdde UT 3T PIOOaI 939T8P 39S
Paooaax 3ISTT JA9ITTF onTeA ysey ajzeortdnp yoee Jod
ISTT A93TTI poajelep UTYITA Jaong ysey yoes Jod
ISTT I931TF¥ uotjedoTTdde UTyYlTM peajelep yoes Jo4g
uotjeortdde jo K3traorad 3soog
: axoydewas XoO0T 3ISTT 39S
pauado ST 3ISTT I93TT3I pue uorjzeortdde butnenb e sT uorjeortdde IT
atqel uoTjeorrdde ur gl sseooad JII

ISTTITOP 93X :3STT I93[Td @3°9Ted

47



Apr. 4, 1995 Sheet 47 of 53 5,404,488

U.S. Patent

ﬂ@.v G_u_ 0 ueyy a93eaxb sUNOD YsaxJax ‘soj3aTep ‘sppe II
ISTT 3IS9I93UT J93Sew paaajelep toevs 04
Ftpug
adtd sjeatad ary usdo
Sy o3 3sonbax 939T9p 937TaM II
FTpud
Jojpudq
3tpud
‘a1qel srpuey adtd ut atpuey =2dtd I9AI8S PISF ISqUOUDY
9s8Td
@7qe3 a1puey adrd uy arpuey adid I9AI9S PO9I I9qUDUSI pUR adtd xsAaxes peaz uado
aaoydeuwss adid pesagejep o017
pauado Apesare jou adyd IsAxes pesJ II
jqeUs ST padjejep pue (0 ueylz I93esad sSjUNOO YSaxFax ‘s939Top ‘sppe II
3ISTT 3IS9a93UT I93Seu poajelep yosea J04
‘UOTJRWIOJUT JOIID pddjejep 9zZTTeTITuUI
SPpI009a I9quamWeX X03F Axouaw 33e00TIV
betr3z uado sadyd 3es
SI9AI98 PoeJ o3 sisenbox 931am II
Iojpud
aogpud
a103pud
Jtpug
ISTT JUTT PAOODI ISTT IASITTI oNnTeA ysey a3edoT1dnp josey
paodax JISTT ASJITTI 93919ad
SPTOTF PAODIX ISTT A9TTIF TTR @39Tad
JFToud
UOTIITSP I03J PIOOIT AJSeW MACK
suotjeorrdde aeyjzo Aq pesn jou pIooex 3ISTY 3sexe3jur asjsem II
UoOT3d8TSP 03 payIew pPIOO9I ISTT X9ITTI II
PI0OSI JISTT IASJTTF onTeA ysey oajeofrdnp yoes o4
Xaput Xopuy 3IsTT I93TTJ podjejep UT 3Iayonq ysey yoes Ioi
ISTT A9ITTF BITIUS UTUITA ISTT IS3TTI PeoJezep [eNPTATPUT Yoes 04
axoydewsas YOOT 3ISTT 39S
uotjeortdde Jo A3raorad 3soog
pauado ST 3ISTT I33TTJ pue uorzeorrdde burnenb e st uoyjzeorrdde 3T
aTqex uorjeortdde ur qr sseooad 3T

3ISTTISSOTO 93X :3STT ISJITTJd 9SOTD

48



Apr. 4, 1995 Sheet 48 of 53 5,404,488

U.S. Patent

DOQ G—E ebessall 939T9P ALY IO0J poxIew pPIOOaI J93SeU JToSTd
a933Nq Sbessaw 93LTSP 03 3IST[ ISOISJUT I93SeW WOXJ Xaxy Adop
: JTpuld
FTpud
ao3pud
PI003X 3ISTT 3S9a93UT J93sew UY ety 31q jues abesssu 939Tap 308
PI00SI ISTT 3IS9IIJUT I93sewl ur sbery 31q obessow °39Tep aesTd
abessou 939T9p uft Loy yoes aod
I9AI98 pasl 03 juss sbessow IT
dId 03 dbessau aj3919p puss
I9AI88 PedJ 03 abessauwl 93979 puss
TIng aszjnq aHessaw 939T9p JULIAND II
obesssu 939T9p 103 POYILW PICODI I9ISPW PUR IDAASS pea3 jaews JI1osSTd
I933nq osbesseu yseagex o3 3ISTY 3Isoxajur a9jsew woay Aay Adod
Frpug
JTpud
Iojpud
. . pIooax
ISTT 3Isaae3ur a9jsew uy sbery 31q sbessam 939Top ‘ysaagax Je9ard
obessowm ysaajex ur Aoy yoes aog
Jues abessau JIT
A9AI9S8 pasji 03 sbessou YsaaJex puss
1IN I933nq obesseu yssxjad JULIIND II
sbessaul Ysoa3al I03J PoyIRU PAOODA ISISRU PUR JADAISS pea3 jaeus JTOSTH
I9zIngq obesssu ppe 03 3ISTT Is9I93UT J93sewm woxy Aoy Adop
Jtpud
JTpuld
a103puld
pIooax
ISTT 3ISSa93UT I93sRW UT sbery 3Tq abessewm oj91ap ‘yssijex ’‘ppe aeard
obessauw ppe ut Ley yoee Iog
Jues obHesseu JI
a9A398 pedJ 03 abessaul ppe puss
. TIng I93yngq abesssu ppe jusIand II
sbessoll ppe 103 payIeW PIOOII ASISEW PUR ISAASS po93 3aews IT
39Yonq ysey Xopuy 3ISTT ISOISIUT ISJISPW Yoed JI0J
‘039 ’‘sa9junod ‘sasjurod a933ngq obesssu ?ZTTeTITUT
A1butpaoooe pery usdo asAles P93z 39S
9Tqey arpuey adtd woay orpuey adyd IoAxss poa3 399

49



Apr. 4, 1995 Sheet 49 of 53 5,404,488

U.S. Patent

9% "OId

sotpuey adyd aoaxss psal uado TTe 9S0TD
a03pug
Frpud
d03pug
Pa009X JISTT 3IS9IA2]UT J93sew Ut Hbeyl 37q jues obessam 939T9P 39S
obessou 9391op FIY uy Aay yoes Io4d
31y o3} obessoum 93919p LY Dbutuyeuwsy puas
Kjduws jou a933ng obHesseu 939T9P FIV II
Frpug
A Jojpug
PIODSI JSTT 3ISAIS3UT a93sew UT HerJ 3Tq juss abessau 939T9p 39S
ebessou 939T9p ut K9y yore o4
qIY o3 obessow 939T9p Dbufuyewsx pussg
JoAl9s po93J 03 obessouw 939T9p Bufujewsa puas
L3due jou 1933nq obesssu 939TOP pue ASAISS pPOIF JIews JI
Frpuld
_ 103pug
PI0OdX 3ISTT 3ISaI9JUT I9jsew Ut HelJ 3Tq abesssu Yssaox Iesld
obessouw ysoazex uy Loy yoes Io4g
I9A198 P93 03 9Hessew YsaxJal HUrufewsI puas
KX3dwe j0u 1933ng ebesssm ysaijox pue I9ales peazl aewWs JI
JTpud
do3pud
PpI008I 3ISTT 3IS9A9dJUT J93sew Ut Heyl 37q oHessau ppe JesTd
abessou ppe uy L9y yoes Io4g
I9AI98 pPO93F 03 abesssaw ppe buturewsa pues
A3dus jou x833Ing oHessow ppe pur I9AISS pPeaF JaeUS JT

JTpud
aozpug
. JFroud
a333nq abessauw 939TOP AIM 03 ISTT 3ISAISJUT aa3sew woxy Xsy Adod
Jteud
JTpud’
aozpug

PI0O9X 3ISTT 3IS9IJUT I93sem UF sbery 37q oHesssuw o3919p 39S
abessowm 939Top ALY UT L8y yoes Iod
juss obesseowm I
LY 03 obesseu a3aTap ALY PuSsS
TInF I93Inq obessaw 939Top HIY JUSIAND IT

50



Apr. 4, 1995 Sheet 50 of 53 5,404,488

U.S. Patent |

Po9Y "Old

JFrpud
uotjeortdde jo Ajtraorad asmoT
2aoydewss uado 3STT I93TTI/ISOI9IUT IeDTD
axoydewss }OOT 3ISTT IeaTD
pauado JT oTpuey adrd FTY 9SOTD

51



Apr. 4, 1995 Sheet 51 of 53 5,404,488

U.S. Patent

Ly "Old

mvawﬂmumﬂﬂuwmumuzﬁ:o«umoﬂﬁmmmoummumvm:3m=uH H:OFve
axoydewas SS900Y PI0OSI 3STT 3ISOIIUT I93Seu Jeatd
Jo3pud
3Tpud
Froud
‘uotjeorrdde o3 sejepdn msu aj3edoTput 03 Her3d 3°s
€3Iep PTITI ISTT Isaa93ut uoyzeoyidde ur Hery 31q abueyd iss
anteA ejep pTaty IsTT Isex9jut uorzeoyrdde
O3UT anfeA ejep pPIaTI PAOOSBI ISTT 3ISAAIJUT J93sew Adopd
TTod
ISBT WOIAF JUBAVIITP onTea pPret3 IsTT 3saxejut uofzeojtrdde II~ 8OLY
PT9TZ ISTT IS9IUT 935U UT Junod ajepdn pTafg 03 Tenbe
PT9TI 3ISTT 3Isd9xejut uorjeoyrdde uy junoo ajepdn prar3 308
. JFrpug
ona3 o3 belj preTJ AdU Teuxajuf 38s
beT3 PTOTI 3ISTT 3ISOIVIUT MSU IeSTD
PTeT3 Meu 3T
T10od 3ser aouys pabueyo
PTI9T3 3ISTT 3I89I93UT 10 MBU ST PTOTI ISTT 3Iserajuy uorjeotrdde 3T ~90bp
PTOT3 3ISTT 3Isaxejur uorjzeotrdde yoesa Iogd
Junoo ajepdn paoosx ISTT 3ISOILUT
Iajsew 03 Tenbe junco ajepdn paooex 3ISTT 3sedejut uotjeoridde 388
T1od 3ser @ours pabueyod paooex
ISTT 3Isaxajut uoyjeoyrdde Jo psbueyo paoodX ISTT 3ISVISJUT I9ISRW JT— POPD
axoydemas SS900Y PI00aX ISTT ISOIVJUT I93SeW 398
98Te3 03 S9an3oan3s ejep praty uorjeorrdde uy sberl pejepdn prety 3es
PI00®x 3ISTT Is9I9UT onrea Loy ejeoyrdnp yowe aog
PI009a 3ISTT 388I93UT anteA ysey sjeortdnp yows o4
IO Ysey Xapuy ISTT ISSIALJUT Yoes JI04
Junoo ajepdn pasjejep Jejseu
03 Tenba junoo 93jepdn pesjejep uotrjeojtdde 388
TTod 3ser @ouys pejepdn sem 3ISTT 3S0I9jUT J93SeW IO pabueyo sem 3sTT 3sexsjuy i~ covb
ISTT 3Is9x93ur uorjzeoyidde UTY3ITM ISTT ISOIOUT peselzep yowve 04
. aaoydewas ssaooy TTod 39S
uotjeoirdde jo A3taorad 3soog
uotrjeorrdde Hurirod © sT uorjeoyrdde 3II
a1qe3 uoTjeoTidde ur gr ssesoad 31

e3epdn 93X :3STT 3S9I93UI TTOd

52



Apr. 4, 1995 Sheet 52 of 53 5,404,488

U.S. Patent

q.lv "OId

oaoyedwss sseooy TT0d
uotrjeortdde jo Ajtaotad »

3P
Io3pud
1o03pud
J03pud
JFTpug
JTpud
ojpud
ITpug
*I933ng 9ajepdn Y3TA aurlnox yoeq TTeo uorjeoridde T{ed
a1933ngq ajepdn jewaog
pejepdn pTaT3 3ISTT 3IS9I93UT II
PISTI 3ISTT 3Isea9jur uorjzeortdde yoes aog

Jtpug
3TpUd
aeo1d
Z03S9Y
d0oJpuyg
ug

53



Apr. 4, 1995 Sheet 53 of 53 5,404,488

U.S. Patent

8y "Old

JFTpug
JFTpuld

uotjeotrtdde 03 uanjzsy

uotrjeorTdde jo A3raotrad saojsay

JFTpud
obessou ananb J103 peosn Laowsw 991J
a33Ing uorjeortdde ojur sbessou snenb jewiog
axoydewss ToIjuo) sse00y ansnb JeaTd
uotjewaojur snanb 3snlpy
onanb o3 sbessow 3saTF 03 a93utod ureyqo
axoydewss Toajuo) ss900y onanb 39s

9TqeITeAR 9bessau JT oSTH
seaxtrdxs peTjroads jnosurty Jo0 ‘saaTaae shessauw Trun 3ITeM

onenb utr sebessauw ou JI

axoydeuwss ToIjuoo SS800Y onanb IeaTd

JFTpug
axoydewss j3TeMm xspesy ononb 38s

ananb utr ssbesssawm ou JIT

snonb utr Hurjztem sobessaw IT Moayd

axoydewss [oa3uop Ss800Y snenb 38s

uotjeorTdde Jo A3rxotrad 3soog

uotjeoridde Hutnenb e st uorjzeortdde II
9Tqe3 uotjeoridde utr gy sseooad I

pesal 93X :ononyd 3ISTT A93TTJd peay

54



5,404,488

1

REALTIME DATA FEED ENGINE FOR UPDATING
‘AN APPLICATION WITH THE MOST
CURRENTLY RECEIVED DATA FROM

MULTIPLE DATA FEEDS

This is a continuation of application Ser. No.
07/588,612, filed Sep. 26, 1990, now abandoned.

BACKGROUND OF THE INVENTION

The invention relates to an interface for coupling data
from a realtime data feed into an application program.

A realtime data feed is any data source that provides
the data on a realtime basis, that is, essentially as the
data becomes available or soon thereafter. For example,
the realtime data feed may be a public financial wire
service, such as might be available from the New York
Stock Exchange, Reuters or Knight-Ridder, that pro-
vides users with the most recent prices for stocks and
trades. It may be a private financial data source that
distributes financial data within a particular business or
institution, such as a bank. Or, it may be a source of
monitoring and control data generated by a manufactur-
ing process within 2 company.

Frequently, it is desirable to analyze the data avail-
able from such data feeds to make buy or sell decisions
for financial instruments, to decide other financial and-
/or management related issues, or to control manufac-
turing processes. For this purpose, there are commer-
cially available applications that are programmed or can
be programmed to perform the required analysis using
data gathered from those data feeds. For example, there
are spreadsheet programs, such as 1-2-3T™ marketed
by Lotus Development Corporation, that provide such
data analysis capability. Often it is also desirable, if not
necessary, to perform the analysis of the data from the
data feeds as rapidly as possible, even on a time scale
approaching the speed at which the data changes. To
accomplish this, others have provided interfaces which
funnel the data coming from the data feed directly into
the application where it can be analyzed. -

SUMMARY OF THE INVENTION

In general, in one aspect, the invention is a realtime
engine for interfacing one or more data feeds with an
application where each of the one or more data feeds
delivers realtime data for each member of an associated
group of items that are available through the data feed.
The interface includes means for caching the most re-
cent data values received from a selected one of the one
or more data feeds for at least some members of the
associated group of items for the selected data feed; and
means for sending at least some of the cached data val-
ues to the application in response to a request for up-
dates.

Preferred embodiments include the following fea-
tures. The realtime engine includes means for identify-
ing a subset of the associated group of items for the
selected data feed for which the application desires
data. The subset identifies the members of the associated
group for which the caching means caches the most
recent data values. Also, the realtime engine includes
means for determining which of the cached data values
are different from data values for corresponding items
last sent to the application. The sending means sends
only those cachied data values which are determined to
be different. In addition, the realtime engine includes
means for storing copies of the data values last sent to

2

the application. The determining means compares con-
tents of the storing means with contents of the caching
means to determine which data values are different
from those last sent to the application.

5 Furthermore, the caching means includes means for
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recording for each cached item whether it has been
updated by the data feed since data values for those
cached items were last sent to the application. The
sending means sends only those cached data values
which are identified by the recording means as having
been updated. The realtime engine includes means for
enabling the application to add members to and delete
members from the identified subset. '

One advantage of the invention is that it provides an
intelligent interface between one or more data feeds and
one or more instances of an application that desire data
updates from the data feeds. The interface caches the
most recent data values for a set of items identified by
the application, it ignores updates not relating to the
identified items, and it sends only the most recent data
values for the identified items when polled by the appli-
cation for updates. This relieves the application of the
burden of having to process all updates arriving from a
data feed for selected items and of having to filter out
those updates for which it has no interest. Thus, the
application is relieved of these computational burdens,
thereby freeing the application (e.g., a spreadsheet) for
other activities such as recalculation.

Another advantage is that the invention identifies
only those items which have been updated since the last
poll and does not send updates to the application for
items which have not been updated since the last poll.
Furthermore, the invention also identifies those items
for which the data value has actually changed since the
last poll, and sends updates to the application only for
those items. Thus, the application need not waste time
processing items whose data values have not actually
changed.

Yet another advantage of the invention is that it also
offers a filtering capability which screens out all data
relating to items that are not of interest to the applica-
tion and it sends for items of interest all data received
from the data feed.

Other advantages and features will become apparent
from the following description of the preferred embodi-
ment and from the claims.

DESCRIPTION OF THE PREFERRED
' EMBODIMENT

FIG. 1 is a block diagram of a realtime system;

FIG. 2 is an overview of the three principle data
structures within the realtime engine shown in FIG. 1;

FIG. 3 shows the global interest list control block
data structure; .

FIG. 4 shows the data feed control block data struc-
ture and related data structures;

FIG. 5 shows the master interest list record data
structure;

FIG. 6 shows a linked list of field block data struc-
tures that is referenced in the master interest list record;

FIG. 7 is a field data structure which is part of the
field block data structure of FIG. 6;

FIG. 8 is a global application information structure;

FIG. 9 is an application information structure;

FIG. 10 shows an interest/filter list information
structure which is part of the application information
structure;

50
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FIG. 11 shows several interest list records and their
relationship to a master interest list record;

FIG. 12 shows two interest list field structures and
their relationship to field block data structures within
the master interest list;

FIG. 13 shows two filter list records and their rela-
tionship to corresponding master interest list records;

FIG. 14 shows two filter list field structures and their
relationship to field block data structures within the
master interest list;

FIG. 15 shows a queue information structure and a
queue data structure;

FIG. 16 is a set of reader message buffers;

FIG. 17 is a ring of message buffer structures;

FIG. 18 is a message buffer structure;

FIG. 19 shows the format of an update/refresh mes-
sage;

FIG. 20 shows the format of a request message;

FIG. 21is pseudo-code describing the initialization of
the RTE process by the main thread;

FIG. 22 is pseudo-code describing the check for ter-
mination of the RTE process performed by the main
thread;

FIG. 23 is pseudo-code describing the termination
routine executed by the main thread when the RTE
process is terminated;

FIG. 24 is pseudo-code describing the operation of
the RTE private pipe thread;

FIG. 25 is pseudo-code describing the operation of
the feed server pipe threads;

FIGS. 26a-b depict pseudo-code describing the oper-
ation of the updater thread;

FIG. 27 is pseudo-code describing the registration
function available through the API;

FIG. 28 is pseudo-code describing the termination
function available through the API;

FIG. 29 is pseudo-code describing the rte_getstdf
function for getting information about the first alpha-
betical data feed name;

FIG. 30 is pseudo-code describing the rte_getnxtdf
function for getting information about the next alpha-
betical data feed name;

FIG. 31 is pseudo-code describing the rte_getdf
function for getting information about an identified data
feed;

FIG. 32 is pseudo-code describing the rte_getfstfld
function for getting information about the first alpha-
betical field name;

FIG. 33 is pseudo-code describing the rte_getnextfld
function for getting information about the next alpha-
betical field name;

FIG. 34 is pseudo-code describing the rte_getfld
function for getting information about an identified
field;

FIG. 35 is pseudo-code describing the rte__openilist
function for opening an application interest list;

FIGS. 36a-c depict pseudo-code describing the
rte_addilist function for adding an item to the applica-
tion interest list;

FIG. 37 is pseudo-code describing the rte_delikey
function for deleting an item from the application inter-
est list;

FIG. 38 is pseudo-code describing the rte_delifield
function for deleting a field from the application interest
list;

FIG. 39 is pseudo-code describing the rte_delilist
function for deleting an application interest list;
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FIGS. 40a-d depict pseudo-code describing the rte_
closeilist function for closing an application interest list;

FIG. 41 is pseudo-code describing the openflist func-
tion for opening an application filter list;

FIGS. 422-b depict pseudo-code describing the
rte_addflist function for adding an item to the applica-
tion filter list;

FIG. 43 is pseudo-code describing the rte__delfkey
for deleting a key from the application filter list;

FIG. 44 is pseudo-code describing the rte_delffield
function for deleting a field from the application filter
list;

FIG. 45 is pseudo-code describing the rte_.delflist
function for deleting an application filter list;

FIGS. 46a-d depict pseudo-code describing the rte_.
closeflist function for closing an application filter list;

FIGS. 47a-b depict pseudo-code describing the
rte_update function for polling an application interest
list for updates; and

FIG. 48 is pseudo-code describing the rte_read func-
tion for retrieving updates from the filter queues.

Structure and Operation

Referring to FIG. 1, a realtime system 10 comprises
one or more feed servers 12(1)-12(n) (referred to gener-
ally as feed servers 12), a Realtime Engine (RTE) 14, a
feed configuration file 16, one or more instances of an
application program 18(1)-18(m), such as Lotus 1-2-3
Release 3.0, and an application programming interface

(API) 15, which provides a programming interface

between an application and RTE 14. Each of these
components is a separate process running on a user’s PC
which, in the described embodiment, employs an 0S/2
operating system.

Feed servers 12 are programs which handle commu-
nications between an external data feed and RTE 14.
RTE 14 supports two kinds of feed servers 12, namely,
a dumb feed server 12(1) and a smart feed server 12(2).
A dumb feed server processes a one-way broadcast type
data feed. It translates the raw external data into update
and refresh messages and feeds these to RTE 14. A
smart feed server supports a request/pass-through data
feed which accepts initial requests from RTE 14 for
data items. The smart feed server implements two func-
tions. Like the dumb feed server, it translates raw exter-
nal data feed updates into update and refresh messages
and feeds these to RTE 14. It also handles requests from
RTE 14 to the data feed to add, refresh, or delete items.

A data feed may be any of a number of realtime data
sources, i.e., sources which provide data as the data
becomes available or close to the time at which the data
is generated. For example, it may be a public financial
news source, a private financial data source, a source of
data and control information generated by a manufac-
turing process.

Feed servers 12 must satisfy at least two criteria.
First, a feed server must be able to handle communica-
tions from the data feed to which it is connected,
whether that be a device or a network wire. And sec-
ond, a feed server must be able to translate data from the
format provided by the data feed into the format re-
quired by RTE 14. . ’

Feed configuration file 16 describes the properties of
each of feed servers 12 connected to RTE 14. It uses a
standard format to tell RTE 14 what feed servers 12 are
included in realtime system 10; the names of communi-
cation pipes 20 that they use to send messages to the
feed server; the field data types and fields for each key;
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and, where applicable, the number of concurrently -

5

active keys allowed by the data feed.

Note a each smart feed server also requires a second
pipe which is used to send messages to RTE. The name
of the second pipe is predefined and is published by
RTE.

Of the components within realtime system 10, RTE
14 must be run first. Typically, it is a detached process
that runs automatically at start-up time (i.e., when the
PC is booted). It can be run manually, however, at any
time prior to running feed servers 12 or any application
which makes requests of RTE 14. RTE 14 requires no
screen display 2. However, if a screen display is avail-
able, RTE 14 only uses it when errors occur to display
€ITOr messages.

As arule, feed server(s) 12 are run next after RTE 14.
In general, these programs also run as detached pro-
cesses. Like RTE 14, feed servers 12 may be run auto-
matically at start-up time as a convenience to the user or
they may be run manually.

Finally, the user can run up to twelve instances of an
application 18. Each application 18 provides its own
interface to RTE 14. In the described embodiment, the
instances of the application are spreadsheet programs.

To obtain real-time data, the user must define a set of
3 ranges for each group of real-time data desired. The 3
ranges contain: name of the data feed; a list of the keys
(symbols) desired; a list of the fields desired. Up to ten
of these groups can be defined for each worksheet file
associated with the spreadhseet program. Once the
worksheet in the application program is set up properly
with the required information to determine the real-
time data of interest, the user can begin updating the
real-time data. This is done via API 15.

When realtime updating is begun, the following ac-
tions occur to initialize RTE 14 for updating the data in
the worksheet. API 15 calls RTE 14 and passes a data
structure which identifies all the elements in the real-
time ranges which have been specified. RTE 14 keeps
an in-memory database of all the elements (keys) re-
quested by the user. If an element is new and unique, it
is added to this database. RTE 14 also keeps track of
which elements occur in which ranges so that the mas-
ter database contains only unique elements and no du-
plicates. RTE 14 also keeps track of which elements are
associated with a given instance of application program
18. If a smart feed server is used, then RTE 14 sends a
“request add” message to the smart feed server for each
new element (key) so the feed server will know that it
now must send data for that new element. Finally, be-
fore updating begins, RTE 14 calls back to API 15 to
write NA values for all the cells that are to be updated
in real-time.

API 15 and RTE 14 have distinct responsibilities in
getting real-time updates into application program 18.
API 15 provides mechanisms enabling the application
to select the data feeds from which it desires data, to
identify the items for which it wants updates and to poll
the RTE for updates of the identified set of items. RTE
14 is the policeman at the intersection between feed
server(s) 12 and API 15. Independently of the commu-
nication between RTE 14 and API 15, RTE 14 main-
tains continuous communication with feed server(s) 12
to make sure the most recent data is being obtained and
updated. This occurs even if the user is not running API
15. In performing this function, RTE 14 serializes the
access to each of feed server(s) 12 up to the maximum of
seven. To ensure that both processes can keep up with
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the arrival rate of the data, RTE 14 runs at time-critical
priority and usually feed server(s) 12 run at the same
priority. As data elements arrive from a feed server,
RTE 14 looks up the element (key) in its in-memory
database. If the data element does not exist in the in-
memory database, then it isn’t currently of interest to
the user (i.e., it has not been registered or added by any
application) and it is discarded. If the data element does
exist in the in-memory database, then that data element
is updated.

RTE 14 maintains counters and flags to provide four
levels of checking to determine if any given data value
has changed since the last update of that instance of an
application 18. Only the most recent, changed values
are written into an instance of application 18 when the
application requests updates. The four levels of check-
ing are:

1. Has a value for a given data feed been updated?

2. Has some field within a given key been updated?

3. Has a given field value been updated?

4. Has the data value for the field actually changed

from the previous value that was written to the work-
sheet?
If updates have occurred since the last time updates
were solicited, RTE 14 calls back to a function supplied
by API 15 when the application requests updates. This
function is called once for each cell in the worksheet
whose value has changed and the new value is written
to that cell.

When API 15 is terminated (and the user is still in
application program 18), then real-time updates no
longer occur in the worksheet. However, RTE 14 con-
tinues to receive data from feed server(s) 12 and it keeps
the elements which still exist in its in-memory database
updated with the most recent real-time data. This al-
lows the user to resume updating at any time and
quickly obtain current values for all elements which
were previously being updated in real-time.

When an instance of application program 18 is termi-
nated, all the elements associated with that instance of
the application program which are not being referenced
by any other instance of the application program are
marked for deletion from the im-memory database of
RTE 14. These elements will no longer receive updates,
and they are deleted. In the case of a smart feed server,
a delete request message will be sent for each element to
be deleted so that the smart feed server will know to
stop sending data for that element.

FIG. 2 is an overview of the data structures used by
RTE 14 to carry out the functions just described. RTE
14 includes a data feed dictionary structure 100, a mas-
ter interest list structure 200, an application structure
400 that includes an application interest list structure
500 and an application filter list structure 600. Data feed
dictionary structure 100 contains data feed control
blocks 110 that store information about each of the data
feeds that are connected to RTE 14. Most of the items
in the data feed dictionary are statistics about the opera-
tion of the data feed. Each data feed control block 110,
in turn, identifies a field information block 120 which
describes all of the fields associated with that data feed.

Master interest list structure 200 contains all the re-
cords and fields requested by the user. It is essentially an
in-memory database created from the items specified by
the user in each of the applications (processes) being
run. It is a union of all items requested by the user.

Application structure 300 is used to maintain the
application information for RTE 14 and includes an

57
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application interest list structure 400 and an application
filter list structure 500, for each instance of application
program 18. Each application interest list structure 400
identifies the data feeds, the keys and the fields for
which the relevant application wants the most current
updates in response to its polling of RTE 14. Applica-
tion filter list 500 identifies the data feeds, the keys and
the fields for which the relevant application wants to
receive all updates supplied by the data feed for identi-
fied items.

These and the underlying data structures which sup-
port them will now be described in greater detail.

Data Feed Structures

Referring to FIG. 3, RTE 14 maintains one static
instance of a global interest list block 1000, which is the
main data structure containing general statistics and
controlling all the data feeds for RTE 14. In general, it
contains a variety of control information, a structure of
global statistics, an array of data feed control blocks and
a table for each process managed by RTE 14.

More specifically, global interest list block 1000 con-
tains the following information. It includes two flags,
namely, an initialization flag 1002 and an engine process
running flag 1004, and it includes an engine process id
1006, which identifies the RTE process. Initialization
flag 1002 indicates whether RTE 14 has been initialized
and engine process running flag indicates whether the
RTE process is running. If the RTE 14 has been initial-
ized, flag 1002 is set to TRUE, otherwise it is FALSE.
If the RTE process is running, engine running flag 1004
is set to TRUE, otherwise it is FALSE. Engine running
flag 1004 is used to terminate RTE 14.

Block 1000 includes four message areas, three areas
for storing messages that are to be sent to smart feed
servers 12 and one area for storing messages that RTE
14 sends to itself. The four areas are a request add mes-
sage area 1008 for storing request add messages, a re-
quest refresh message area 1010 for storing request only
(also referred to as request refresh) messages, a delete
message area 1012 for storing delete messages and an
internal delete message area 1014 for storing internal
delete messages.

Request add messages are used when a user adds new
items (keys) to an interest list. Request refresh messages
are used when a user adds new fields to items already in
the interest list. Upon receipt of either a request add
message or a request refresh message, the feed server
sends a refresh message to RTE 14 for all fields of each
item/key specified. Request delete messages are used
when a user terminates an instance of the application
program or when the user stops using the items/keys in
an application. Finally, internal delete messages are
used to delete items from the interest lists maintained by
RTE 14.

Messages are stored into these areas during that phase
of operation in which the user is adding items to, delet-
ing items from or modifying items in any interest list
used to identify items/keys for which an application
desires update data. The messages stored in these areas
are eventually sent to the appropriate feed server and-
/or to RTE 14,

Block 1000 includes a global statistics data structure
1016 which is used to record global statistics about the
operation of RTE 14. This area is used primarily for
monitoring the performance of RTE 14 and is not inte-
gral to its operation.
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Block 1000 includes a data dictionary 1018 (which
corresponds to data dictionary 100 of FIG. 2). Data
dictionary 1018 is an array of seven data feed control
blocks 110(1) through 110(7), one for each data feed
that can be managed by RTE 14. As will be explained in
greater detail shortly, the information stored in data
dictionary 1018 describes the information that is avail-
able about the data feeds to which RTE 14 is connected.

After data dictionary 1018, there is a global applica-
tion information data structure 1020 which is used for
storing information about the instances of the applica-
tion programs that are connected to RTE 14.

Next is a sorted array of pointers 1022 to data feed
control blocks 110 in which data feed control blocks
110 are arranged in alphabetical order by name. The
sorted array of pointers is used by cataloging functions
available through API 15 to report the identity of data
feeds to an application.

Finally, block 1000 includes a pointer 1024 to 2 mem-
ory heap 1026, which is a linked list of memory pages.
This area is used for creating the interest list data struc-
tures which identify the keys and fields of interest to the
instances of the application and which form the data-
base of most recent values for those items. Pages are
added to memory hap 1026 as they are needed.

FIG. 4 identifies the data structures that make up data
dictionary 1018 within global interest list control block
1000. Each data feed control block 110 within data
dictionary 1018 contains an area 1030 for storing statis-
tics about the operation of the data feed. For example,
data feed statistics area 1030 contains five counters: an
add message counter 1030(1) for keeping track of the
total number of add messages for the data feed; a field
update counter 1030(2) for keeping track of the total
number of field updates for that data feed; a request
message counter 1030(3) for keeping track of the total
number of request messages that are waiting to be sent
to that data feed; a delete message counter 1030(4) for
keeping track of the total number of delete messages
that are pending for that data feed; and an internal de-
lete message counter 1030(5) for keeping track of the
total number of internal delete messages. that are pend-
ing for that data feed.

Each data feed control block 110 also includes a field
1032 for the name of the data feed and a field 1034 for
a description of the data feed. Both the data feed name
and the description are supplied to RTE 14 by configu-
ration file 16 (to be described). There is also a field 1036
for the name of the pipe to the feed server. Field 1036 is
only used in the case of smart feed servers, in which
case, the name of the pipe is supplied by configuration

" file 16.
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Another portion of data feed control block 110 pro-
vides a connection into master interest list structure 200
(see FIG. 2) through a hash index that identifies a
bucket information structure 1050. Recall that, master
interest list .structure 200 is the in-memory database
containing all the records and fields requested by the
user. Fields 1038 and 1040 of block 110 contain, respec-
tively, a hash table structure specifying the number of
buckets in the hash index and an array of pointers to the
appropriate bucket information structures.

In the described embodiment, a standard -hash algo-
rithm is employed and the number of buckets is a prime
number (e.g. 501). Using a cyclical redundancy code,
the hash algorithm converts the key to a number and
then computes that number modulo 501. The result
identifies within an array of bucket information struc-
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tures 1050 the particular one of such structures which
contains a pointer 1054 to a master interest record 2000
(See FIG. 5) for that key. Since more than one key may
yield the same bucket number, pointer 1054 may actu-
ally identify a linked list of master interest records 2000
for those keys. Each bucket information structure 1050
contains the number of entries in the linked list and
pointer 1054 is to the first master interest record within
the linked list.

Field 1042 holds a RAM semaphore used to control
access to the named pipe for the data feed and another
RAM semaphore used to control access to the data
feed.

Field 1044 holds a pointer to the first member of a
singly-linked list of field tables 1060 for this data feed.
Each field table 1060 describes a particular field avail-
able through the data feed and the linked list includes
field tables 1060 for all of the fields available through
the data feed.

The last two fields hold pointers that provide other
ways of accessing field tables within the linked list of
field tables 1060. Field 1046 holds a pointer to a list of
pointers 1070 to all of field tables 1060, sorted by field
name, and field 1048 holds a pointer to a list of pointers
1080 to all of field tables 1060, sorted by field id.

FIG. 4 also shows the structure of field table 1060.
All field tables 1060 are created from configuration file
16 which is read at the time RTE 14 is initialized. Each
field table 1060 contains a text field name 1061 for the
associated field, a field description 1062, a field data
type 1063, an entry 1064 specifying the length of the
field name, and a field ID 1065 as specified in configura-
tion file 16.

There may be a translation table 1090 associated with
each field table 1060. A translation table 1090, which
contains one or more translation table entries 1092
linked together to form a singly-linked list, enables the
RTE to translate a data value for a field into a text string
identifying the field. If a translation table has been speci-
fied for the field, then field 1067 of table 1060 contains
a pointer to the first translation table entry of translation
table 1090 and field 1068 contains a pointer to a list of
pointers to all translation table entries 1092, sorted by
order of data value associated with the translation table
entries. If no translation table has been specified, fields
1067 and 1068 contain NULL pointers.

Finally, field 1069 contains a pointer to the next field
table 1060 in the linked list of field tables.

Referring to translation table 1090, each translation
table entry 1092 contains a translate key 1094, which is
a data value that is to be translated to text, a text pointer
1096 to the text string to which the data value will be
translated, and a pointer 1098 to the next translation
table entry 1092 in the linked list.

Master Interest List Data Structures

The master interest list structure that is accessible
through the hash index of each data feed control block
110 will now be described. The master interest list
structure is collection of master interest records 2000
such as are shown in FIG. 5 and which collectively
represent a union of all items requested by the user.
Master interest list records 2000 for each data feed are

pointed to by a hash bucket based on the hash value of 65

the record. When more than one record has the same
hash value, then the records are linked in a singly linked
list.

60
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Each master interest list record 2000 is associated
with a key that is identified in a key field 2018 located at
the end of the record. The key is a variable length text
field which is defined as a two element array (simply to

5 align the structure on an even word boundary). The rest

of record 2000 contains the following information.
Field 2002 contains the length of that record. Field

2004 contains a RAM semaphore for controlling access

to the record. Field 2006 contains an update count

10 which keeps track of the total number of changes that

are made to the record. Field 2008 contains a pointer to
the next master interest list record 2000 with the same
hash value, thereby forming a linked list of all records
2000 for a given hash bucket.

15  Field 2010 contains an array of process ID’s identify-

ing all of the instances of the application program which
are using the associated key. Field 2012 contains a mes-
sage count which records the number of messages relat-
ing to this record which are to be sent to the smart feed
server.

Field 2014 contains five record flags that reflect the
status of messages for that record. They include a send
add message flag, a send request refresh message flag, a
send delete message flag, a send internal delete message

25 flag, and a delete sent flag. Each of the first three flags,

if TRUE, indicates that the corresponding message
needs to be sent to the smart feed server (if FALSE, the
message need not be sent). The fourth flag, if TRUE,
indicates that an internal delete message needs to be sent
to RTE 14 (if FALSE, it need not be sent). The delete
sent message flag, if TRUE, indicates that a delete mes-
sage has been sent to the smart feed server (if FALSE,
none has been sent).

Finally, each master interest list record 2000 also

35 contains a field block 2016 that is a member of a singly-

linked list of field blocks 2106 identifying the fields of
the associated key that have been requested by the user.
As is shown in FIG. 6, each field block 2016 contains a
pointer 2019 to the next field block 2016 within the
singly-linked list and it contains an array of four field
data structures 2020. The value of pointer 2019 in the
last field block of the list is NULL to indicate that no
field blocks follow that one.

Referring to FIG. 7, each field data structure 2020
describes an individual field and its field value for a
given record in the master interest list. It also contains
an update count 2022 indicating how many times the
field data value has been updated, a field ID 2024 identi-
fying the field with which it is associated, a field length
2028 specifying the length of the field and a field type

_ 2030 identifying the type of the field. Note that the
update count 2022 is used during the previously de-
scribed third level of checking that is used to identify
the updates that are to be sent to the application.

55 Each field data structure 2020 also contains sixteen

field flags 2026. Each of the first twelve field flags cor-
responds to a different one of the twelve possible in-
stances of the application program which can be con-
nected to the RTE. The correspondence of the first
twelve flags is organized in the same order that the
applications are identified in a global application infor-
mation structure (to be described). A set flag indicates
whether the corresponding application is “watching”
this field (i.e., whether it has identified the field in a
filter list as one for which it wants to receive all data
that is supplied by the data feed).

The last four flags include a field-in-use flag, a field-
no-data flag, a field updated flag, a new interest list field

59
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flag. The field-in-use flag, if TRUE, indicates that the
field is currently in use. The field-in-use flag is set when
an application uses the associated field data structure to
add an item to the interest list. The field-no-data flag, if
. TRUE, indicates that there is no data in the field data
structure. It is also set when an application uses the
associated field data structure to add an item to the
interest list. The field updated flag, if TRUE, indicates
that new data for the field has been added. This flag is
only used in field records that form part of the applica-
tion interest list (as opposed to the master interest list)
and it is set when the application polls the interest list
for updates. Finally, the new interest list field flag, if
TRUE, indicates that this is a new field. Like the field
updated flag, the new interest list field flag is only used
in field records that form part of the application interest
list. The new interest list field flag, however, is set when
the application adds a new item to the interest list.
Finally, data structure 2020 contains 2 data element
2032 that is the most recent data value received from
the feed server.

Application Data Structures

The application data structures are used to maintain
the application information for RTE 14. The applica-
tion data structures contain the data values which have
been sent to the application during the last update.

The overall arrangement of the application interest
list is as follows. There is a single global application
interest list structure 1020 (See FIGS. 3 and 8) which is
part of global interest list control block 1000. It includes
an instance of an application information structure 1202
(See FIGS. 8 and 9) for each application (process) that
can be managed by RTE 14. The application informa-
tion structures contain specific data about each applica-
tion connected to RTE 14. Each application informa-
tion structure also provides access to a group of interest
list records 3100 (See FIG. 11), one for each item (key)
specified by the user in an application. Each interest list
record 3100, in turn, points back to a corresponding
master interest list record 2000 within the master inter-
est list and it also contains pointer to a linked list of
interest list field structures 3200, one for each of the
fields specified by the user for the application (see FIG.
12). Each interest list field structure 3200 contains the
data value for that field which was previously sent to
the application and it also points back to the corre-
sponding field block 2016 within a field data structure
2020 (See FIGS. 5, 6 and 7) that is maintained in the
master interest list and which contains the most recent
data value received from the feed server. These struc-
tures and their relationship to each other will now be
described in greater detail.

Referring to FIG. 8, global application information
structure 1020 stores global information for all applica-
tions which can be managed by RTE 14. Global appli-
cation information structure 1020 contains an array of
application information structures 1202 (1) through
1202(12) (referred to generally as application informa-
tion structures 1202) which contain information for
each individual application which can be connected to
RTE 14. It also contains an open semaphore 1201,
which is a RAM semaphore for controlling access to
application information structures 1202. Only one appli-
cation at a time can change an application interest list or
a filter list. Open semaphore 1201 is used to lock out all
other applications.
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Referring to FIG. 9, each application information
structure 1202 stores information identifying the appli-
cation to which it is assigned, namely, a process ID
1210, a self-referencing index number 1212 identifying
its position in the array of application information struc-
tures, and an application type specifier 1214. There are
three application types, namely, a polling application
which only receives updates in response to a poll of
RTE 14, a queuing application which receives all up-
dates relating to identified items, and a combination
polling/queuing application which polls for updates of
some items and receives all updates of other items. As
will become apparent during the following description,
a polling application uses an application interest list to
identify the items for which data is desired. Whereas, a
queuing application uses an application filter list to
identify the items for which data is desired.

Each application information structure 1202 also
contains a set of application flags 1216. Among the flags
is an interest-list-open flag for indicating that an applica-
tion has opened its interest list, a filter-list-open flag for
indicating that an application has opened its filter list, a
pipes-open flag for indicating that pipes are open to the
application, a no-write-pipe flag for indicating whether
to write messages to the pipe and a request-pending flag
for indicating whether a one time request to a data feed
server by the application is pending. If request pending
flag is TRUE, then another field 1218 of application
information structure 1202 contains a one-time request
structure that holds a copy of the pending request.

The pipes-open flag is set when the application is in
the process of closing its interest list or filter list and it
is used by RTE termination function to clean up and
make sure that all pipes are properly closed. This flag is
turned off when the pipes are closed after successfully
completing the closing of the interest list or the filter
list. The no-pipe-write flag is set when the application is
in the process of closing its interest list or filter list.

In field 1220 of application information structure
1202 there is a data feed access error structure which
maintains information about errors that have occurred
when the application tries to access the data feeds
which are available.

There are two data structures within structure 1202
that support browsing functions available to the user for
identifying the data feeds that are connected to RTE 14
and the keys and fields available through those data
feeds. More specifically, field 1222 contains a data
structure for remembering the current position of the
application in the sorted data array of pointers to data
feed control blocks (see field 1022 of global interest list
control block 1600 in FIG. 3) and field 1224 contains
another data structure for remembering the current
position of the application in the sorted field table (see
structure 1070 in FIG. 4). '

In field 1226 there is an application statistics structure
for recording information relating to the interaction of
RTE 14 and the application. Among the items kept in
that structure are the current number of memory pages
allocated, the total number of memory pages allocated,
assorted statistics on interest list and filter list activity,
the number of one time requests, statistics on the appli-
cation’s polling activity, etc. Much of this information is
maintained for monitoring and debugging purposes.

In field 1228 there is an array of application interest-
/filter list information structures 3000 (See FIG. 10) for
the application’s interest list and filter list information.
In the described embodiment, there are seven such



5,404,488

13
application interest/filter list information structures -
3000, one for each possible data feed.

Field 1230 contains information about the queue used
for queuing (i.e., filter list) applications.

Field 1232 contains an array of feed server data struc- 5
tures identifying the feed servers to which the applica-
tion is connected. Each feed server data structure in-
cludes a handle used for identifying the connection to
the feed server, the name of the feed server’s pipe to

14
only be maintained in one place, namely, within the
master interest list.

Fields 3006 and 3008 contain, respectively, a hash
table structure specifying the number of buckets in the
interest list hash index and an array of pointers to bucket
information structures 3020. Fields 3010 and 3012 con-
tain, respectively, a hash table structure specifying the
number of buckets in the filter list hash index and an
array of pointers to bucket information structures 3030.

which RTE 14 is connected (i.e., only if it is a smart 10 The interest list hash index identifies within the array of
feed server), and a pointer to the data feed control block  bucket information structures 3020 the particular one of
associated with the data feed (feed server) identified by such structures which contains a pointer 3022 to an
this structure. . interest list record 3100 (See FIG. 11) for that key.

Field 1234 contains a pointer to a ‘C’ function name Similarly, the filter list hash index identifies within the
which may be called to write updates back to the appli- 15 array of bucket information structures 3030 the particu-
cation when the application request updates. lar one of such structures which contains a pointer 3032

The next three fields contain RAM semaphores for to a filter list record 3300 for that key (see FIG. 13).
controlling access to various data structures. In particu- Since more than one key may yield the same bucket
lar, there is a request access semaphore 1236 for con- number, pointers 3022 and 3032 may actually identify a
trolling request access to application information struc- 20 linked list of records for those keys. Each bucket infor-
ture 1202. There is a list access semaphore 1238 for  mation structure 3020 and 3030 therefore contains the
controlling access to the interest list for the application. number of entries in the linked list and pointers 3022 and
List access semaphore 1238 serializes access to an appli- 3032 identifies the first record within the linked list. The
cation interest list for muitiple threads of an application  same hash algorithm as was previously mentioned is
process thereby preventing more.than one application 25 used to convert the key to a number identifying the

or application thread from trying to change an interest
* list at the same time. Finally, there is 2 poll access sema-
phore 1240 for controlling polling access to the applica-
tion interest lists.

appropriate one of bucket structures 3020 or 3030,

Finally, field 3014 contains a pointer to the data feed
control block 110 that is associated with the interest/fil-
ter list information structure 3000.

Field 1242 contains a pointer to 2 memory heap from 30 .
which memory is allocated for the interest lists and the Interest List Records
filter lists which are associated with this application. Referring to FIG. 11, interest list records 3100 are
Field 1244 contains a pointer to a buffer of polling  used to manage each key and all that key’s associated
update information that is to be sent to the applicationin  fields, as specified for a given set of items within the
response to a poll for updates. 35 application worksheet (i.e., 2 given instance of the key).

Interest/Filter List Information Structures

Referring to FIG. 10, each application information
structure includes an array of seven interest/filter list
information structures 3000. These structures are the
application’s window into the master interest list and
they identify all of the keys and fields for which the
application wants data from the associated feed servers.

Each interest/filter list information structure 3000
includes a change flag 3002 which indicates whether
- updates need be made to the application. Change flag
3002 is a boolean value that is set to TRUE when an
item identified by the application (i.e., an item in the
master interest list) has been updated by the data feed.

40

45

These records identify the keys and fields for which the
application wants updates when it polls its interest list.
There is one interest list record 3100 for each key speci-
fied by the user in a polling application. There is a sing-
ly-linked list of these structures for each unique key in
the application, each member of this list representing a
different instance of that key. In addition, keys which
vield identical hash values are also connected in a sing-
ly-linked list forming a duplicate hash value chain.
For clarification, note that unique keys generally
hash to unique values. Sometimes, however, unique
keys hash to the same value. The records for these keys
are linked in a hash chain. Duplicate instances of a key
will also produce the same hash values. The records for

When the value is FALSE, none of the items in the 50 these keys are linked in a duplicate chain.

master interest list has changed and therefore, no up- Each interest list record 3100 contains an update

dates need be made to the application. This providesa  count 3102 which tracks the number of updates which

first level of checking for determining when updates  have been made to the record. This number is used

need to be made to the application. during polling to perform the second level of checking
Structure 3000 includes a field update count 3004 55 to determine whether the application interest list record

which keeps track of the number of field updates which is current with the corresponding master interest list

have occurred for this data feed. This number is used record.

during polling to determine whether the application Each interest list record 3100 also contains a set of

interest list is current with the master interest list. flags 3104 among which is a change flag and a delete
There are two hash indexes that are accessible 60 flag. The change flag is set to TRUE to indicate that it

through structure 3000, namely, an interest list hash
index and a filter list hash index. The interest list hash
index provides access to a series of linked interest list
records 3100 (See FIG. 11). The filter list hash index

provides access to a series of linked filter list records 65

3300 (see FIG. 13). Each of interest list records 3100
and each of filter list records 3300, in turn, points back
into the master interest list. In this way, each key need

is a new record or that a new field has been added to an
existing record. A change flag which is FALSE indi-
cates that no new record or field has been added. When
the application polls its interest list for updates, it resets
the change flag to FALSE. The delete flag marks the
record for deletion. The application sets this flag to
TRUE when it deletes an interest list item or when it
deletes its entire interest list.

61
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Since there may be multiple instances of a record (e,
“duplicates” of the same key), record 3100 also includes
a key instance number 3106 identifying the instance to
which it corresponds. Multiple instances could exist, for
example, if a spreadsheet application requested key data
for more than one location in the spreadsheet.

Field 3108 contains a pointer to the next interest list
record 3100 in the hash table chain, i.e., the singly-
linked list of interest list records 3100 for the different
keys that yield the same hash value. If no other such
keys exist, the pointer in field 3108 is a NULL pointer.

Field 3110 contains a pointer to the next instance of
the interest list record 3100 (i.e, its “duplicate”). If there
are no duplicates or if the interest list record 3100 is the
last member of the linked list of duplicates, then the
pointer in field 3110 is a NULL pointer. For all in-
stances below the first instance in this linked list, field
3108 contains a NULL pointer. That is, only the first
instance in this linked list points to another member of
the hash chain.

Field 3112 contains a pointer to an area for storing
application key data. This area is for use by the applica-
tion. Whatever information is stored in this area is
passed back to the application when an update involv-
ing this interest list record occurs. The data stored in
this area may be, for example, positional information
that identifies where in the application the key data is to
be used.

Field 3114 contains a pointer to the master interest list
record 2000 which matches this interest list record (i.e.,
the master interest list record assigned to the same key).
Among other things, this pointer identifies the key with
which the interest list record is associated so only one
instance of the key is maintained for all applications.

The last field of interest list record 3100 (i.e., field
3116) contains a pointer to the first interest list field
structure 3200 for this record (see FIG. 12).

Interest List Field Structures

Referring to FIG. 12, interest list field structures are
used to manage each field requested for a given item
(key). There is one interest list field structure 3200 for
each field requested by the user. If more than one field
is requested for a given key, the corresponding interest
list field structures 3200 are connected in a singly-linked
list.

Field 3202 of interest list field structure 3200 includes
a pointer to a private data area for storing application
field data. This is a private data area owned by the
application. The information stored in this area is passed
back to the application along with the updated data for
this field. If, for example, the application is a spread-
sheet, it may contain the sheet, row, and column loca-
tion of the field in the spreadsheet.

Field 3204 contains a pointer to the next interest list
field structure 3200 associated with the same instance of
the key, thereby connecting this structure into the sing-
ly-linked list of all field structures for the key.

Field 3206 contains a previous field data structure
which holds a copy of the last field data value that was
written to the application. Indeed, when the data ele-
ment in field data structure 2020 is written to the appli-
cation, the contents of the field data structure 2020 are
also written into the previous field data structure found
in field 3206. In this way, the application interest list
remembers the data value that was last sent to the appli-
cation.

20
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Note, however, that some of the field flags 2026 in the
application interest list version of field data structure
2020 are used differently. Recall that there are four
flags, namely, twelve application filter list flags, a field-
in-use flag, a field-no-data flag, a field updated flag, and
a new interest list flag. The field-in-use flag is not used
for application interest list records, whereas, the field-
no-data flag and the new interest list flags are only used
by application interest list records. The field updated
flag is used to indicate whether there is new data for the
field. It is cleared when the application polls the interest
list. The new interest list flag is used to indicate whether
the field is new. It is set when a new item is added to the
application interest list by the application.

The last field of interest list field structure 3200 (i.e.,
field 3208) contains a pointer to the corresponding field
data structure in the master interest list. That is, field
3208 identifies the field data structure within the master
interest list which contains the most recent value re-
ceived from the feed server for this field.

Filter List Records

Referring to FIG. 13, filter list records 3300 manage
the keys and fields for which data is desired by a queu-
ing application. There is one filter list record 3300 for
each key specified by the user in the queuing applica-
tion. If there is more than one key that yields the same
hash value, then the associated filter list records 3200
for those keys are connected in a singly-linked list, as in
the application interest list.

Each filter list record 3300 includes flags 3302 among
which there is a delete flag. The delete flag is used to
mark the record for deletion and is set when the applica-
tion either deletes a filter list item or deletes an entire
filter list.

Field 3304 of record 3300 contains a pointer to the
next filter list record in the hash table chain. Multiple
filter list records will exist if more than one key pro-
duces the same hash value.

Field 3306 contains a pointer to the record in the
master interest list which matches with this one. That is,
it points to the master interest list record 2000 which is
assigned to the same key.

Field 3308 contains a pointer to the first filter list field
structure 3400 (See FIG. 14) for this record.

Filter List Field Structures

Referring to FIG. 14, there is one filter list field struc-
ture 3400 for each field specified by the user for the

- given item (key) in the application. If more than one
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field is requested for a given key, the corresponding
filter list field structures 3400 are connected in a singly-
linked list.

Each filter list field structure 3400 includes fields
3402 through 3408. Field 3402 contains a pointer to the
next filter list field structure 3402, thereby forming a
singly-linked list of all field structures 3400 for that key.

Field 3404 contains a pointer to the corresponding
field data structure 2020 in the master interest list.

The last two fields (i.e., field 3406 and 3408) contain
pointers to private data areas owned by the application.
The area identified by the pointer in field 3406 is associ-
ated with the record (key) for this field and the area
identified by the pointer in field 3408 is associated with
this particular field. These data areas may be used for
any information desired by the application.
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Queue Information Structures

RTE 14 maintains structures for holding data mes-
sages that are to be passed to queuing applications. The
data messages transfer all data from the feed server for
fields identified in the application filter Iist. Referring to
FIG. 15, these structures include a queue information
structure 3500 and a linked list (i.e., 2 queue) of queue
data structures 3600. ’

Queue information structure 3500 includes fields 3502
through 3522. Fields 3502 through 3512 contain the
following information: the total number of queue mes-
sages added to the queue; the total number of queue
messages read from the queue; the total number of times
that the queue has been purged; the total number of
queue full errors which have occurred; the total number
of queue write errors which have occurred; the maxi-
mum number of queue messages which can be con-
tained in the queue; and the total number of queue mes-
sages which currently exist in the queue.

Fields 3516 and 3518 contain pointers, respectively,
to the first and the last queue data structure 3600 in the
queue.

Structure 3500 also contains two semaphores. Field
3520 contains a control access semaphore for control-
ling access to the queue. And field 3522 contains a
reader wait semaphore for controlling reading of the
queue. '

Queue Data Structures

Queue data structures 3600 are used internally by
RTE 14 to pass update information to queueing applica-
tions. These structures are connected in a singly-linked
list up to the maximum number of queue messages (ele-
ments) which are allowed.

Queue data structure 3600 includes fields 3602
through 3620. Field 3602 contains a pointer to the next
queue data structure 3600 in the queue, forming the
singly-linked list of queue data structures 3600. The
remainder of the fields are for information describing
the contents of the message.

Field 3604 contains a pointer to the data feed control
block associated with this queue message.

Field 3606 contains a unique message number as-
signed by RTE 14 used to identify all related items that
are part of a single update message.

Field 3608 contains a sequence number for the spe-
cific key identified in this message.

Field 3610 contains the data feed id number.

Field 3612 contains the message type identifier.

Field 3614 contains the field ID for the message.

Field 3616 contains the field type for the message.

Field 3618 contains the field data value for the mes-
sage.

Field 3620 contains the key for the message.

RTE Engine Process Private Data Structures

The data structures described in this section are used
internally by the RTE process for handling communica-
tion with feed servers. These structures are used by the
RTE process algorithms to be described in a subsequent
section about the operation of RTE.

Reader Message Buffers

Referring to FIG. 16, there is one reader message
buffer 3700 for each pipe connected to RTE 14. That is,
there is a buffer for each feed server reader and an
additional buffer for the private pipe used within RTE.
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Each of these message buffers 3700 is intended to con-
tain a single message which is read from a correspond-
ing pipe. When a message is read from a pipe, it is first
placed in the appropriate one of message buffers 3700
before being moved (packetized) into the larger mes-
sage buffers within the ring of buffers described in the
following section. The set of message buffers 3700 is
implemented as a single global variable which is a 2-
dimensional array. Conceptually, each row of the array
corresponds to a message buffer 3700 for a particular
pipe and each column corresponds to a position within
the message buffer.

Ring of Message Buffers

Referring to FIG. 17, a ring 3800 of message buffer
structures 3810 is used to collect individual messages
into packets before they are applied to the master inter-
est list. The reader threads (to be described) build the
message buffer packets. When a given buffer in ring
3800 fills or times out, it is then released to the updater
thread (also to be described) so the messages can be
applied to the master interest list.

In the described embodiment, ring 3800 includes five
message buffer structures 3810 numbered from one to
five and it includes a field 3806 which specifies the total
number of these buffers in ring 3800. To control access
to buffers 3810, ring 3800 also includes a reader buffer
number index 3802 for keeping track of the number of
buffer structure 3810 being accessed by a reader thread
(i.e. this is the current buffer number being filled with
messages). And it includes an updater buffer number
index 3804 for keeping track of the number of buffer
structure 3810 being accessed by the updater thread (i.e.
this is the current buffer number being applied to the
master interest list).

Message Buffer Structures

Referring to FIG. 18, each message buffer structure
3810 includes fields 3820 through 3828. Field 3828 con-
tains a pointer to a message buffer area 3830, which is a
2K byte memory location for storing the actual mes-
sages. To control access to buffer area 3830, structure
3810 includes a buffer access semaphore 3820.

Field 3822 contains a buffer access start time which is
the starting time when the buffer began to be used.
When the current time minus the start time is greater
than a preselected timeout (e.g., 100 ms), then the buffer
is released from the reader threads to the updater thread
so that messages contained therein may be sent to up-
date the master interest list. Field 3824 contains the

_number of messages in buffer area 3830 and field 3826

contains the length of all messages in this buffer.

The Feed Configuration File

Feed configuration file 16 is a text file that consists of
a feed server description for each feed server in use.
(Each feed server describes the properties of a data
feed.) Each feed server description consists of the fol-
lowing parameters:

database name;

database description;

database identification code;

database pipe name;

maximum concurrent keys; and

database key size.

The database name is an ASCH string of up to sixteen
bytes that identifies the database to both RTE and the
end user (i.e., the applications). The database descrip-
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tion is an ASCII string of up to 50 bytes that describes
the database to the end user. RTE uses the database
identification code to determine which data feed (and,
hence, feed server) is the source of a message it receives.
The database identification code is an integer that can
be any value 0 to 255. In addition, each database identi-
fication code in RTE message headers matches a corre-
sponding database identification code in the feed config-
uration file; and each database identification code in the
feed configuration file is unique.

The database pipe name identifies the named pipe that
the RTE opens to communicate with a smart feed
server. If a database pipe name is specified, the RTE
opens the pipe, sends request/delete messages to the
feed server, and closes the pipe after transmitting the
messages. In the case of a dumb feed server, the RTE
does not open a pipe to the feed server, so there is no
database pipe name. If no database pipe name is speci-
fied, the RTE assumes the feed server is dumb, and does
not attempt to request data from it. The pipe name
follows the OS/2 naming conventions for named pipes.
(Note that a predefined pipe name is used by both dumb
and smart feed servers to send messages to the RTE. )

The maximum concurrent keys parameter tells the
RTE the limit on the number of updating items the feed
server can support. The RTE keeps a cache of the num-
ber of items requested from each feed server. If a limit
is specified and reached, the RTE stops forwarding data
request messages to the feed server and returns an error
to the application. .

The database key size parameter specifies the maxi-
mum size of the unique key that identifies each database
item to the RTE and to the end user. The key is always
a string value whose length ranges from 1 to 253.

Each feed server description in feed configuration file
14 also contains a data dictionary. Each data dictionary
consists of all the fields and their properties that can be
transmitted by the feed server. The data dictionary
includes for each field, a field name, a field description,
a field identification code, and a field data type. The
field name is an ASCII string of up to 16 bytes that
identifies the field to the RTE and to the end user. The
field description is an ASCII string of up to 50 bytes
that describes the field to the end user. The field identi-
fication codes identify the fields sent in the feed server
messages. As with the database identification codes
described above, each field identification code in a feed
server message matches a corresponding field identifi-
cation code in the feed configuration file and each field
identification code is unique for that feed server. The
field identification code can be any number from 0 to
65535.

The field data type describes the data type of a field.
The data types include, for example, short fraction data,
long fraction data, double precision floating point data,
short integer data, unsigned short integer data, long
integer data, unsigned long integer data, time data, date
data, byte data, and string data. For string data there is
also a maximum field length specified. The definition of
each of these data types follows:

(1) Short fraction data is six bytes in length and the
short fraction field has two parts, a 32 bit signed
numerator and a 16 bit unsigned denominator. The
short fraction field is used to send floating point num-
bers whose denominator is < =65535. The sign of the
numerator determines the sign of the entire number.
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(2) Long fraction data is eight bytes in length and the
long fraction field has two parts, a 32 bit signed nu-
merator and a 32 bit signed denominator. The long
fraction field is used to send floating point numbers
which cannot be sent using the short fraction data
type described above. The sign of the numerator or
denominator determines the sign of the entire num-
ber.

(3) Double precision data is eight bytes in length, and is
in IEEE standard format. The value range is 1.7E-
308 to 1.7E+308 (15 digit precision).

(4) Short integer data is two bytes in length. The value
range is —32768 to 32767.

(5) Unsigned short integer data is two bytes in length.
The value range is 0 to 65535.

(6) Long integer data is four bytes in length. The value
range is —2147483648 to 2147483647.

(7) Unsigned long integer data is four bytes in length.
The value range is 0 to 4294967295.

(8) Time data is transmitted by means of a unsigned long
integer. The value represents the number of seconds
since midnight, where a value of 1 is 00:00:01
(12:00:01) A M.

(9) Date data is transmitted by means of an unsigned
long integer. The value represents the number of days
since Dec. 30, 1899, where day 0 is Dec. 30, 1899.

(10) Byte data is transmitted by means of an unsigned
short integer. Only the low order eight bits are refer-
enced. All byte data is treated as unsigned; the value
range is from O to 255.

(11) String data fields have three parts, a length byte,
the actual string text and a zero (null) termination
byte. The length byte count indicates the length of
the string; including the length of the string, the
length of the length byte itself, and the zero (null)
termination byte at the end of the string.

For fields of certain data types, configuration file 16
also includes field translation tables. The translation
table follows immediately after the data dictionary in-
formation for the field. Field translation tables are used
for those fields that translate to a longer string of text.
For example, the single byte code N for a field EX-
CHANGE might translate to the string “New York
Stock Exchange”.

RTE Messages

All RTE messages have two components, namely, a
message header and message data. Their contents de-
pend upon the type of feed server. Message headers
identify the message type. They contain at least four
fields: (1) message length; (2) version number; (3) data-
base identification code; and (4) message type. The
message length field indicates the length of the entire
message in bytes, including the length of the message
length field itself. The version number field contains the
current version number. The database identification
code field contains the identification code of the feed
server and it matches the database identification codes
defined in the feed configuration file. The message type
field identifies the type of message sent.

There are two types of messages, namely, update/re-
fresh messages and request messages. All feed servers -
use update and refresh messages to send updates to the
RTE. Smart feed servers also receive request messages
from the RTE. Update messages send data changes
from feed servers to the RTE, and always relay new
data. Refresh messages are also transmitted from feed
servers to the RTE and serve to refresh data fields for
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items specified in interest lists. The data in refresh mes-
sages may or may not be new.

Request-add messages are sent when a user adds new
items (keys) to the interest list. Upon receipt of a re-
quest-add message, the feed server should send a refresh
message for all fields of each item/key requested. Re-
quest-refresh messages are sent whenever the RTE
needs a refresh message for one or more specific keys.
Upon receipt of a request-refresh message, the feed
server should send a refresh message for all fields of
each item/key requested. Request-delete messages are
sent when a user terminates an instance of the applica-
tion, or when a user stops using the items/keys in an
application. When an instance of an application is termi-
nated, all items/keys not in use by another instance are
deleted.

Update and Refresh Message Data Format

The message data areas of update and refresh mes-
sages have identical formats. Messages sent from the
feed server to the RTE have the following two compo-
nents: key data and data field(s). The format of a RTE
update/refresh message is shown in FIG. 19. There is a
unique key associated with each update message sent by
a feed server. The key follows the message header and
is an ASCII string, which identifies the item to be up-
dated. The format of the key is: length byte, ASCII key
string, and termination byte. The first byte of the key
specifies the length of the key. The length includes
itself, the string length of the ASCII key string key, and
the termination (null) byte at the end of the key. All
keys are sent as ASCII strings. The ASCII key string is
the key identification code by which end users identify
items of interest.-The termination byte, which is a bi-
nary zero (null) byte, must terminate every key. The
termination byte is counted in the length byte that pre-
cedes the ASCII key string.

The data field(s) component of the message is of
variable length and has a variable number of data fields.
Each data field has two parts, a field identification code
and actual field data. The field identification code iden-
tifies the field to the RTE and matches the field identifi-
cation code specified in the feed configuration file. The
field data portion contains the data that is applied to the
RTE. The field data sent in the message matches the
data type specified in the feed configuration file for the
field identification code being processed.

Request Message Data Format

The request messages inform the smart server that the
user is requesting an action on one or more keys. The
smart server responds to these messages by adding,
refreshing, or deleting key(s), and forwarding any nec-
essary updates to the RTE. As shown in FIG. 20, the
data portion of a request message contains at least two
items. The first item is the number of keys that are
contained in the message, the second item is the first key
in the message. Subsequent items are for all other keys
in the message. The number of keys data item is a one
byte count of the number of keys contained in the mes-
sage. The maximum number of keys that can be sent in
one message is 255. The key is an ASCII string that
identifies item(s) of interest to the end user. The format
of the key is: length byte; ASCII key string; and termi-
nation byte. The first byte of the key, the length byte,
specifies the length of the key, which includes itself, the
string length of the ASCII key string key, and the termi-
nation (null) byte at the end of the key. All keys are sent
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- as ASCII strings which the end user uses to identify

items of interest. The termination byte is a binary zero
(null) byte which terminates every key.

Realtime Engine Process Algorithms

The RTE process is a single OS/2 process composed
of a total of ten threads or paths of execution that run
concurrently. There is a main thread, a thread for a
RTE private pipe, seven threads for seven possible feed

0 server pipes, and an updater thread. The processing of

each of these threads will now be described in detail.

The figures for the algorithms described in this sec-
tion contain pseudo-code descriptions of the salient
features of their operation. For the most part those
pseudo-code descriptions are self explanatory, thus for
many of the algorithms, rather than repeating what
should already be apparent from those figures, only
such commentary shall be provided as may be useful in
clarifying the meaning of certain steps and data manipu-
lations that are identified in the pseudo-code.

Thread 1: Main Thread

The main thread of the realtime engine process is
responsible for initializing the RTE process, checking
for termination of the RTE process, and terminating the
RTE process. Referring to FIG. 21, during initialization
RTE 14 creates 2 RTE Process system semaphore (by
setting engine running flag 1004 in global interest list
control block 1000 of FIG. 3) that is used to prevent
more than one RTE process from being run at one time.
Once the semaphore is created, the main thread sits on
this semaphore until it is cleared. When the main thread
detects that the semaphore has been cleared, it termi-
nates the RTE process. While the semaphore is set, no
other RTE processes can be created.

After the system semaphore is created, the RTE
checks initialization flag 1002 (see FIG. 3) to determine
whether initialization had been previously performed. If
initialization has not yet occurred, the RTE reads the
RTE configuration file 16 and builds the data structures
for all the data feeds and fields which are described in
the configuration file. These are primarily the data
structures shown in FIGS. 3 and 4.

A private shared memory pool is initialized during
this phase (step 4100 of FIG. 21) and it is identified by
the pointer to memory heap in field 1024 of global inter-
est list control block 1000. As the configuration file is
being read, pages are added to this memory heap as
needed for the data structures being built. When an
application calls the API to establish a connection to the
RTE at a later time, this private shared memory is
mapped into the application’s address space.

When the data dictionary is created, the memory for
its hash table index is also allocated. The pointers to the
master interest list that are stored in that index are all
initially set to NULL. Since the data feed control blocks
are created in the order in which they appear in the
configuration file, they need to be alphabetically sorted
in order to generate a sorted array of pointers that is
stored in field 1022 of global interest list control block
1000.

Before completing the initialization phase, a variety
of housekeeping tasks are taken care of (step 4102). This
includes such tasks as, recording the number of pages in
the memory heap, and setting initialization flag 1002 in
global interest list control block 1000. After completing
these tasks, the configuration file is no longer needed so
it is closed.
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After the database has been initialized, the remaining
components of the RTE process are initialized. In par-
ticular, a named shared memory area (i.¢., global statis-
tics data structure 1016 in FIG. 3) is allocated for keep-
ing global statistics for the RTE process (step 4104).
Then, the RTE process allocates memory for ring of
buffers 3800 (FIG. 17), locks buffer access semaphore
3820 for the first message buffer area 3830 and allocates
memory for message buffers 3700 (steps 4106).

Next, the other threads are created, starting with the
updater thread, the thread for the private pipe and fi-
nally the threads for the feed servers (section 4108).
After the updater thread is created, that thread sits on
the locked buffer access semaphore 3820 of the first
buffer area until the lock is released and it is permitted
to process the messages held there.

After the updater thread is created, its priority is
immediately increased from a middle level priority to a
time critical priority. A similar step is taken for all
threads that read incoming messages from feed servers,
namely, threads 3 through 9.

Before finishing this phase of initialization, the RTE
process sets up an exit list routine which is called auto-
matically upon termination of the RTE process. The
exit list routine handles clean up and deallocation of
memory.

The main thread also establishes a signal handler
routine which defines the CTRL-Break key combina-
tion as an instruction to exit from the process.

After initialization, the primary function of the main
thread of the RTE process is to wait for the engine
running flag 1004 to be cleared, signaling for termina-
tion of the RTE process (see FIG. 22). Periodically,
during this phase, the main thread wakes up and checks
for an expired time out of the current updater buffer
(i.e., the buffer number identified in field 3804 of ring of
buffers 3800). If the timeout for the current updater
buffer has expired, the next buffer is locked and the
current buffer is released to the updater thread which
sends the messages held in it to the master interest list.
While checking ring of buffers 3800, the RTE process
locks a buffer ring semaphore (not shown) to control
access to the entire ring.

As soon as the main thread detects that the RTE
process system semaphore has been cleared, the RTE
process proceeds with the termination of the RTE pro-
cess, as shown in FIG. 23.

Thread 2: Read RTE Private Pipe

Referring to FIG. 24, thread 2 is responsible for ac-
cepting connections and reading messages from the pipe
that is used by the RTE for internal delete messages.
Once a connection to the private pipe is established, the
RTE process enters a read message loop. The purpose
of the read message loop is to move messages from the
associated message buffer 3700 to ring of buffers 3800 in
preparation for their being sent to the master interest list
by the updater thread.

At the beginning of the read message loop, the RTE
process first checks whether there is indeed a message
in the loop (section 4110) and then whether the number
of bytes of the message equals what was expected (sec-
tion 4112). Failure of the first test terminates the read
message loop; failure of the second test dumps that
message and moves onto the next message.

If a message requiring transfer to ring of buffers 3800
is found, then the RTE process locks the buffer ring
semaphore so no other threads may have access and
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proceeds to transfer the message into ring of buffers
3800 (section 4114). If the message does not fit into the
current buffer identified by the reader buffer number
index in field 3802, the buffer access semaphore 3820 of
the next buffer structure 3810 (see FIG. 18) is locked
and the current buffer area is released to the updater
thread. The message is then read into the next buffer
area and its buffer access start time is set.

Before leaving ring of buffers 3800, the RTE process
checks the buffer access start time for the buffer struc-
ture on which the updater thread is sitting (section
4116). If its time has expired, it is released to the updater
thread and the buffer access semaphore of the next
buffer structure is set.

Threads 3-9: Feed Server Pipes

Threads 3-9 are responsible for accepting connec-
tions-and reading messages from the pipes that are used
between feed servers and the RTE. As indicated by the
pseudo-code of FIG. 25, these threads operate in the
same way as thread 2.

Thread 10: Updater Thread

The updater thread is responsible for updating the
RTE interest list database with messages received from
feed servers. The updater thread performs the opera-
tions shown in FIGS. 26a-b.

The updater thread has an outer buffer processing
loop (line 4120) during which it waits for the next avail-
able buffer structure 3810 (See FIG. 18). In this loop,
the updater thread sits on buffer access semaphore 3820
of the current buffer 3810 and waits for it to be cleared.
When that semaphore is cleared, the underlying buffer
area is released to the updater thread so that its mes-
sages may be transferred to the master interest list.
When buffer access semaphore 3820 is cleared, the up-
dater thread moves into a message processing loop (line
4122) during which it processes each message held in
the underlying message buffer area 3830.

In the message processing loop, the updater thread
reads the header of the message to identify the data feed
and then locates the data feed interest list by performing
a sequential search through the data feed control blocks
110 in data dictionary 1018 of global interest list control
block 1000 (see FIG. 3). If the identified data feed con-
trol block is not found, the updater thread continues
onto the next message (step 4138). If the identified data
feed control block is found, the updater thread checks if
the message length meets minimum requirements for a
valid message (section 4124).

The updater thread discards messages having invalid

" lengths and then moves onto the next message. How-
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ever, if this message passes the valid length check, the
updater thread looks at its header to identify the mes-
sage type. The message may be either a refresh message,
which is typically sent by a smart feed server in re-
sponse to one time request from the application for
refresh, an update message, which supplies updated data
for keys identified in the interest list and/or filter list of
the application, or an internal delete message, which is
used by the RTE to delete fields and/or keys from its
application interest lists.

If the message is a refresh message, the updater
thread executes a sequence of code found in section
4126. During this phase, the updater thread checks the
application request pending flag among the applications
flags 1214 of application information structure 1202 (see
FIG. 9) to determine if there is actually a request pend-
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ing. If a request is pending, the updater thread partially
reformats the message using information in translation
tables 1090 available through the associated data feed
control block 110 (see FIG. 4), sets the application
request access semaphore, places the partially formatted
message on an application refresh pending queue and
then clears both the application request access sema-
phore and the application request pending flag.

In the case of refresh messages or if it is not a refresh
message but rather an update message, the updater
thread executes code starting at line 4128. The purpose
of the code in this section is to move the data in the
message into the appropriate records within the master
interest list. After performing a validity check on the
length of the message key, the updater thread attempts
to locate the appropriate master interest list record 2000
(see FIG. 5) by conducting a search through the hash
index in data feed control block 110 (see FIG. 4). If the
record is found, the updater thread locks its access
semaphore 2004 and enters a field process loop to pro-
cess each field of the message (line 4130).

During the field process loop, the updater thread
searches down the linked list of field blocks 2016 (see
FIG. 6) to find the field data structure 2020 for that
field. If the field data structure is found, the updater
updates data element 2032 in that structure. At this time,
the updater thread also updates several counts which
will be checked later by the polling function to deter-
mine if an update has occurred which needs to be pro-
vided to the application. The updater thread increments
update count 2022 in field data structure 2020 (see FIG.
7); it increments update count 2006 in master interest list
record 2000 (see FIG. 5); and it increments the total
field update counter 1030(1) in the data feed statistics
field 1030 of data feed control block 110 (see FIG. 4).

After updating the field data structure, the updater
thread checks field flags 2026 (see FIG. 7) to determine
whether that field is being “watched” by any filter list
application (i.e., a quening application) (line 4132). If it
is, the updater thread formats the update and places
formatted message on the filter list queues for the identi-
fied filter list applications. Then, the updater thread
releases the appropriate queue semaphores so that the
message may be sent to the applications (line 4134). In
particular, the updater thread clears reader wait sema-
phore 3522 in queue information structure 3500 (see
FIG. 15).

The updater follows this same set of steps for each
field of the message. If a field occurs which cannot be
found among the field blocks, the updater thread at-
tempts to find that field in the data dictionary of data
feed control block 110. If the field is found, the updater
thread moves to the next message field and process it as
described above. If the field is not found in the data
dictionary, the field process loop is terminated.

If the message is an internal delete message, the up-
dater thread executes the code beginning at line 4136.
The function of this code is to eliminate for each key in
the message those master interest list records that are
not being used by any other application, as indicated by
the array of process ID’s in field 2010 of master interest
list record 2000. -

RTE Application Programming Interface Algorithms

API 15 (see FIG. 1) includes a set of algorithms
which enables any application to request and retrieve
realtime information in as time-efficient a manner as
possible. These functions include (1) registration and
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termination functions which enable the application to
establish a connection with the RTE; (2) catalog func-
tions which enable the application to learn what data
feeds are available and what data they can provide; (3)

5 interest list functions for adding to and deleting from

the interest list records which identify the data feeds,
the keys and the fields for which the application wants
the most current information when it polls the RTE; (4)
filter list functions for adding to and deleting from the

10 filter list records which identify the data feeds, the keys

and the fields for which the application wants all infor-
mation supplied by the data feed; and (5) data retrieval
functions including a polling function for obtaining the
most recent updates of keys and fields identified in the

15. applications interest list, and a filter list reading function

for obtaining all updates that have arrived from the feed
servers for that application. Each of these categories of
functions will now be described.

20 Registration and Termination Functions

The registration and termination functions are used
by the application to register with the RTE and termi-
nate use of the RTE and are always the first and the last
functions that an application calls. The application uses

25 the registration function to initiate contact with the

RTE and it uses the termination function whenever it is
finished using the RTE.

Referring to FIG. 27, the registration function regis-
ters the application with the RTE and allows the appli-

30 cation to use the RTE. When called, the registration

function specifies the application type and function.
Recall that there are three valid application types,
namely, a polling application, a queuing application and
a polling/queuning application. A polling application

35 uses the RTE as a data cache manager. The application

specifies items of interest to the RTE. The application
repeatedly polls the RTE at intervals selected by the
application for changes to the application interest list.
During a poll the RTE will call the application for

40 every changed item whose current value is different

from that of the application. A queueing application
uses the RTE as a filter list manager. The RTE will
queue feed server messages the application has an inter-
est in. The application is responsible for reading and

45 processing the queued messages. Finally, a polling-

/queuing application is a application which uses both
methods described above to retrieve realtime data.

In the case of a polling application, the registration
function also specifies an application function pointer

50 which the RTE uses to communicate data to the appli-

cation.

When the registration function is called, the RTE
stores a pointer to a call back function in field 1234 of
application information structure 1202, which the RTE

55 uses to write updates back to the application. It maps

the RTE private shared memory identified by the
pointer in field 1242 into the application process’ ad-
dress space. It also attempts to find the application’s
process ID by searching through global application

60 information structure 1020 (see FIG. 8). If the process

ID is not found in the table, indicating that a structure
has not yet been assigned to that application, and if the
space is available (i.e., at least one of the twelve possible
structures is unassigned), the RTE allocates the mem-

65 ory required for the interest/filter lists and assigns and

initializes an available application information structure.
Referring to FIG. 28, the termination function deletes
the application interest and/or filter list[s] and frees the

67
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memory associated with those lists. Keys not in use by
other applications are deleted from the master interest
list and delete messages are forwarded to smart feed
servers. Deleting interest lists (and filter lists, for that
matter) requires three steps, namely, opening the list,
deleting the list (i.e., marking it for deletion), and clos-
ing the list. The process of closing the list implements
the deletion.

Note that in the case of an application which is both
a polling and a queuing application, the RTE uses a
don’t write request bit to prevent the sending of request
messages upon the closing of the interest list. This bit is
then cleared during the filter list deletion phase and the
messages are then sent. This is an efficiency feature
which prevents messages from being sent to the feed
servers at two different times during the termination
phase. )

Once the application calls the termination function, it
can 1o longer use the RTE until it again calls the regis-
tration function. If the application does not call the
termination function, the RTE calls the termination
function for the application when application process
terminates.

The termination function also clears any set sema-
phores which should be cleared, such as, list access
semaphore 1238 in application information structure
1202. (List access semaphore 1238 could have been left
in a set state if the application crashed when the interest
list was open.)

Catalog Functions

The catalog functions are used to retrieve data feed
and field information from the data dictionary data
structures 1018 (see FIG. 3). Most of the catalog func-
tions use two areas in the application information struc-
ture 1202 to return retrieved information about the data
feed. The information about the data feed and the fields
being browsed is returned to the application via struc-
tures supplied by the application. The location of the
application in the data feed table (i.e., sorted array of
pointers in field 1022 of FIG. 3) is stored in field 1222.
The location of the application in the field table (i.e.,
sorted array of field names 1070 of FIG. 4) is stored in
field 1224.

Three of the catalog functions (i.e., rte_getfstdf,
rte_getnxtdf, and rte_getdf shown in FIGS. 29, 30 and
31, respectively) enable the application to browse
through the sorted array 1022 of pointers to the data
feed control blocks stored in global interest list control
block 1000 (see FIG. 3) and retrieve information about
the data feeds. The rte_getfstdf function positions the
application on the first data feed in the alphabetically
arranged list. The rte_getnxtdf function moves the
application to the next lower data feed in that list. And
the rte_getdf retrieves the information about the data
feed on which the application is positioned.

Three other functions (ie., rte_getfstfld, rte_.
getnxtfld, and rte_getfld shown in FIGS. 32, 33, and
34, respectively) enable the application to browse
through an alphabetically sorted array of pointers to the
fields (see field 1046 of data feed control block in FIG.
4) and retrieve information about the fields. The rte_.
getfstfld function positions the application on the first
field in the alphabetically - arranged list. The rte_.
getnxtfld function moves the application to the next
lower field in that list. And the rte_getfld retrieves the
information about the field on which the application is
positioned.
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Interest List Maintenance Functions

The interest list maintenance functions are available
for managing the interest lists for polling applications.
Recall that the interest lists identify for the different
data feeds, the keys and the fields for which the applica-
tion desires updates when it polls the RTE. The interest
list maintenance functions fall into three categories,
namely, opening interest lists, modifying the interest
lists, and closing the interest lists. No changes can be
made to an interest list until that list is opened. Then, no
changes are actually implemented to that list until it is
closed. Upon closing the interest list, the changes are
implemented and messages for the feed server pipes and
the internal delete pipe are queued in preparation for
sending.

The opening function is carried out by the rte_ope-
nilist function shown in FIG. 35. When called, the
rte_openilist function checks the interest-list-open flag
(among the application flags 1216 in the relevant appli-
cation information structure 1202, see FIG. 9) to deter-
mine whether it is already open (line 4202). If the inter-
est list is not open, the RTE checks list access sema-
phore 1238 of application information structure 1202 to
make sure that it is clear and the interest/filter list infor-
mation structures 3000 (see FIG. 10) may be accessed. If
list access semaphore 1238 is cleared, the RTE sets that
semaphore, it sets poll access semaphore 1240 in appli-
cation information structure 1202 to prevent any polling
of the interest list while it is open, and it maps the RTE
private shared memory to the application process. After
these steps are completed, the RTE sets the application
interest-list-open flag to indicate that the interest list is
nOW open.

Once the interest list for the application has been
opened, the application may use another set of function
calls to modify the list. Among the available functions
for modifying an open interest list is: an rte_addilist
function (FIGS. 364, 365 and 36c) for adding an item
(key or field); an ret_delikey function (FIG. 37) for
deleting a key; an rte_delifield function (FIG. 38) for
deleting a field; and an rte_delilist function (FIG. 39)
for deleting a list. Each of these functions will now be
described. Note before proceeding, however, that dur-
ing execution of these function calls, the RTE maintains
statistics in the data feed control blocks for the respec-
tive feed servers, indicating whether the changes that
occurred while the interest list was open will require
that any messages be sent to the feed servers. As will
become apparent during the subsequent description of
the close interest list function call, these statistics are
later used when the interest list is closed to determine
which pipes must be opened to send those messages.

Referring to FIGS. 36a-c, the rte_addilist function
requires arguments identifying a data feed, a key, a key
instance, and a field. When the rte__addilist function is
called, the RTE identifies the data feed and verifies that
it is among the data feeds listed in the data dictionary.
Then, it does a similar check for the field specified by
the function arguments. If both the data feed and the
field are valid, it boosts the priority of the application
process and sets its list access semaphore 1238 in appli-
cation information structure 1202 (section 4210). Then,
the RTE searches through the interest/filter list infor-
mation structures 3000 (in field 1228 of application in-
formation structure 1202, see FIG. 9) for the application
to find one for the data feed of interest. If one is not
found, it is created.
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Once the data feed interest list is found (or created),
the RTE searches through the hash index of the data
feed control block to find a master interest list record
for the key. If the master interest list record is found, the
delete message flag in the record is cleared and the
delete sent flag (see record flags 2014 in FIG. 5) is
checked to determine whether a delete message has
been sent. If the delete sent flag is set, the send add
message flag is set, indicating that the item (key) should
again be added. (Section 4212) :

If the master interest list record is not found, it is
created and added to the hash index (section 4214). For
the new master interest list record, the RTE sets the
send add message flag in the record, and it increments
the add message counter contained in the data feed
contro! block.

If the application process ID is not listed among the
array of process ID’s in the master interest list record, it
is added (section 4216).

Next, the specified field is added to the master inter-
est list record (section 4218). At the beginning of this
phase, the RTE sets access semaphore 2004 in the re-
cord (see FIG. 5) to block other applications from hav-
ing access. To add the specified field, the RTE attempts
to locate an available field data structure 2020 (see FIG.
6) which may be used. If none are available, the RTE
creates a new field block and uses the first one of its
field data structures. Once a field data structure is avail-
able, the RTE initializes its field components to get it
ready to accept data. This involves, among other things,
setting the field flags to indicate that it does not yet
contain data, and specifying the field length and type in
the appropriate fields of field data structure 2020 (see
FIG. 7).

If the add message bit in the master interest list record
is not set, indicating that a new record had not been
added, then the RTE sets the send refreshr message bit to
request an immediate update of the values for that key.

The next phase of the function’s operation adds the
key to the application’s interest list record (section
4220). First, a search is conducted for an interest list
record 3100 (see FIG. 11) associated with the identified
instance of the key. If none is found, a new interest
record for that instance of the key is added to the appli-

cation’s interest list, either to the duplicate chain, if 45

other instances of that key exist, or to the hash chain if
no other duplicates exist. At the end of this section, a
pointer back to the master interest list record is stored in
field 3114 of the interest list record for that instance of
the key, thereby linking the application’s interest list
record into the master interest list.

Finally, the interest list field structure is added (sec-
tion 4222). First, a search is conducted of the linked list
of interest list field structures 3200 (see FIG. 12) to
determine whether one is already present. If it is not
found, memory is allocated for a new field structure and
it is added at the beginning of the linked list.

At the conclusion of the rte_addilist function call,
change flag 3002 of interest/filter list information struc-
ture 3000 is set to TRUE (line 4224). This will force a
check of all interest list records during the function call
for closing the interest list. Also, the change bit among
flags 3104 of the interest list record 3100 (see FIG. i1)
is set to TRUE (line 4226), identifying that record as
having been changed. As a precaution, the interest list
record delete bit among those flags is cleared.

Referring to FIG. 37, the rte_delikey function de-
letes an identified instance of a key from the applica-

30 -
tion’s interest list. The RTE locates the relevant interest
list record and sets its delete record bit (which is one of
flags 3104 in interest list record 3100 shown in FIG. 11)
to TRUE, thereby marking it for actual deletion during
the close interest list operation. Then, the RTE deletes
all of the interest list field structures 3200 for that re-
cord, freeing up the memory used by those structures. If
the instance number specified as an argument of the
function call is zero, the RTE performs the same opera-

10 tions for all duplicates (i.e., all other instances of that

key).

Referring to FIG. 38, the rte_delifield function de-
letes an identified field from a key in the application
interest list. First, the RTE confirms that the data feed

15 and the identified field exist. Once confirmed, the RTE

locates the interest/filter list information structure 3000
(see FIG. 10) for that data feed, then it locates the inter-
est list record 3100 (see FIG. 11) for the identified key,
and finally it locates the interest list field structure 3200

20 (see FIG. 12) and deletes it. If the instance number

supplied with the function call is zero, the RTE deletes
that field from all instances of the key.

Referring to FIG. 39, the rte__delilist function deletes
all keys and fields in the application’s interest list. The

25 RTE accomplishes this by setting the delete flag in all of

the interest list records 3100 (see FIG. 11) associated
with that application to TRUE, thereby marking them
for deletion. It also deletes all of the interest list field
structures 3200 (see FIG. 12) associated with the

30 marked application interest list records. After calling

this function and then closing the interest list, the appli-
cation will no longer be able to retrieve updates from
the RTE until items are once again added.

Referring to FIGS. 40a, 405, 40c and 40d the rte_

35 closeilist function implements all of the changes that

were made to the interest list while it was open. In
general, when this function is called, the RTE searches
through the application interest list to identify all inter-
est list records marked for change, it takes the steps

40 required to implement the change within the interest

list, and it queues whatever messages to the feed server
may be required to complete the change. If the changes
to the interest list are deletions which result in master
interest list records that are not referred to by any other
application, those master interest list records are also
marked for deletion and then deleted.

During the first phase of the rte_.closeilist function
call, the RTE does the deletions that were called for
while the interest list was open (section 4300). In carry-

50 ing out this operation, the RTE proceeds through each

_interest/filter list information structure 3000 (see FIG.
10) found in field 1228 of application information struc-
ture 1202 (see FIG. 9), through each hash bucket 3020
identified in the hash index of each interest/filter list

55 information structure 3000, and through each interest

list record 3100 in the hash chain of interest list records
for keys that yield duplicate hash values (see FIG. 11).

For each key, the RTE determines whether all in-
stances of that key are marked for deletion, and, if they

60 are, it examines the array of process ID’s in field 2010 of

the master interest list record 2000 to which those in-
stances point (see FIGS. 5 and 11) to determine whether
the master interest list record is being used by any other
application. If the master interest list record is not being

65 used by any other application, the RTE marks it for

deletion by setting the appropriate one of record flags
2014. Then, the RTE deletes all interest list record
instances for that key. As a precaution, the RTE also

69
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deletes all fields for those interest list record instances
even though this should have been taken care of earlier.

In the event that only some of the interest list record
instances are deleted, the RTE readjusts the linked lists
connecting the instances and the records for duplicate
hash values, if appropriate.

After the deletions are taken care of, the RTE opens
all feed server pipes that will be required (section 4302).
To determine whether any pipes must be opened, the
RTE examines a no pipe write flag in the application
information structure 1202 (see FIG. 9). The no pipe
write flag is used to record whether any of the modifica-
tions which were made to the application interest list
while it was open would necessitate communication
with a feed server. If the no pipe write flag is FALSE,
the RTE then determines which pipes need to be
opened by examining the counts for the adds, refreshes,
deletes and internal deletes that are kept among the data
feed statistics stored in each data feed control block 110
(see FIG. 4). If any pipes to feed servers need to be
opened, the RTE checks whether the counts for any
deletes or internal deletes are greater than zero. If the
counts for either deletes or internal deletes are greater
than zero, the close function sets an internal write delete
request flag that will be used later to open the private
pipe. The close function then opens whatever feed
server pipes are required. At the end of this phase of
operation, the RTE checks the internal write delete
flag, and if it is TRUE, opens the private pipe. Also,
during this phase of operation, the RTE allocates mem-
ory for remembering all of the master interest list re-
cords that are being deleted. If an error occurs during
sending the messages which implement the deletions
and the records are not deleted, the information which
is stored in this memory is used to resend the deletion
messages.

Once the appropriate pipes have been opened, the
RTE begins to do the work of implementing the
changes called for while the application interest list was
open (section 4304). The RTE again checks the statis-
tics in each data feed control block to determine
whether an add, a refresh or a delete message should be
sent to the corresponding feed server. For any smart
feed server to which such messages are to be sent, the
RTE obtains the identity of the pipe that is to be used,
it sets a feed server open flag, indicating that the feed
server is in use, and it initializes a set of local variables
and message buffers that are to be used for the messages.

When the initialization is complete, the RTE sends
the messages, starting with the add messages (section
4306), then the refresh messages (section 4308) and
finally, the delete messages (section 4310). Note that the
messages are handled in order of a precedence rule. If
an add message is sent, then neither a refresh message
nor a delete message is sent. Similarly, if an add message
is not sent but a refresh message is, then a delete mes-
sage is not sent. A delete message is sent only if there is
no add message or refresh message sent for that record.

With regard to the add messages, the RTE goes
through each hash bucket 1050 identified through data
feed control block 110 (see FIG. 4) and looks at each
master interest list record 2000. If the send add message
flag among record flags 2014 is set, the RTE prepares to
place the appropriate add message in an add message
buffer 1008 of global interest list control biock 1000 (see
FIG. 3) from which it will be sent to the feed server.
First, the RTE checks if the add message buffer 1008
can accept any more messages. If the buffer cannot

5

20

25

35

40

45

50

55

60

65

70

32
accept more messages, the RTE empties the add mes-
sage buffer by sending the add message for the keys
held there. If the message is sent successfully, the RTE

" clears the send add message, the send refresh message,

and the send delete message flags in the master interest
list records for all keys that were successfully sent.
Once the add message buffer is freed up, the RTE cop-
ies the key from the master interest list record which
was marked for an add message into the add message
buffer.

The sequence of steps in sections 4308 (for refresh
messages) and section 4310 (for delete messages) are
very similar to those just described, except for the fol-
lowing differences. For the refresh messages, there is a
refresh message buffer 1010 in global interest list con-
trol block 1000 (see FIG. 3). When a refresh message
from this buffer is successfuily sent, the RTE clears the
send refresh message and the send delete message flags
(but not the add message flag) in the master interest list
records for all keys that were successfully sent. For the
delete messages, there is a delete message buffer 1012
(see FIG. 3). If this buffer is full, the RTE sends a delete
message to the feed server and to itseif. When a delete
message from this buffer is successfully sent to the feed
server, the RTE clears the send delete message flag (but
not the add message and the refresh message flags) and
sets the delete message sent flag in the master interest
list records for all keys that were successfully sent.

After all of the add, refresh and delete messages are
processed, the RTE sends messages to itself to eliminate
the master interest list records that are marked for inter-
nal deletion (section 4312). These records can arise if a
record is added and deleted during the same open/close
session. As for the previously described messages, there
is a message buffer 1014 for the internal delete messages
(see FIG. 3). The internal delete message is added to
this buffer. If the buffer is full, it may have to be emptied
beforehand. The process of successfully sending the
internal delete messages that are required to free up the
buffer also results in setting the delete message sent flags
in the affected master interest.list records.

At this point one or all of the message buffers may
still contain keys that require sending. Therefore, the
RTE empties the add message buffer (section 4314), the
refresh message buffer (section 4316), the delete mes-
sage buffer (section 4318) and finally, the internal delete
message buffer (section 4320). During each of these
phases, the appropriate flags are cleared and/or set as
previously described.

Once all of the message buffers have been emptied,
the RTE repeats the same sequence of events for all
other feed servers to which messages must be sent.
After the RTE has dealt with all of the feed server
pipes, it closes all open feed server pipes, it closes the
RTE pipe, and it clears the list access semaphore, the
interest list open semaphore, and the poll access sema-
phore.

Filter List Maintenance Functions

The filter list maintenance functions are available for
managing the filter lists for queuing applications. Recall
that the filter lists identify for the different data feeds,
the keys and the fields for which the application desires
all updates that were received from the data feed. The
filter list maintenance functions fall into three catego-
ries, namely, opening filter lists, modifying the filter
lists, and closing the filter lists. No changes can be made
to a filter list until that list is opened. Then, no changes
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are actually implemented to that list until it is closed.
Upon closing the interest list, the changes are imple-
mented and messages for the feed server pipes and the
internal delete pipe are queued in preparation for send-
ing.

The opening function is carried out by the rte_o-
penflist function shown in FIG. 41. Once the filter list
for the application has been opened, the application
may use another set of function calls to modify the list.
Among the available functions for modifying an open
filter list is: an rte_addflist function (FIGS. 42a-b) for
adding an item (key or field); an ret_delfkey function
(FIG. 43) for deleting a key; an rte_delffield function
(FIG. 44) for deleting a field; and an rte__delflist func-
tion (FIG. 45) for deleting a list. Finally, an rte_closeil-
ist function (FIGS. 464, 465, 46c and 46d) implements
all of the changes that were made to the filter list while
it was open.

The operation of these functions is similar to the
corresponding functions for the interest list, except that
they perform their operations on application filter lists
rather than application interest lists. Another significant
difference is that filter lists do not have multiple in-
stances of a key as do the interest lists. Therefore, the
filter list maintenance functions typically have fewer
looping levels since they need not loop through dupli-
cate chains of filter list records. In most other aspects, as
can readily be seen from the pseudo-code descriptions,
the filter list maintenance functions perform basically
the same sequence of operations as do the equivalent
interest list maintenance functions. Thus, in light of the
explanation provided about the interest list functions,
the filter list functions are self explanatory and do not
require further discussion here.

Data Retrieval Functions

The data retrieval functions are used to retrieve data
for both polling and queueing applications. There are
two such functions, namely, an rte_update function
(FIGS. 47a-b) used by polling applications to retrieve
the most recent changes that have been made to the
application interest list since the last poll, and an rte___
read function (FIG. 48) for reading all of the messages
of interest which have arrived from the feed servers,
and are stored in the queue information structure 3500
(see FIG. 15).

Referring to FIGS. 47a-b, a polling application uses
the rte_update function (referred to hereinafter as the
update function) to obtain all the updates to an interest
list since the Iast time this routine was called. When the
application calls the update function, that function con-
ducts four levels of checking of the application interest
list before it returns an update to the application. The
four levels of checking are to determine: (1) have there

been any updates received from the feed server; (2) if 55

updates have been received, were any of the records of
imterest changed; (3) for each record that has changed,
have any of its fields changed; and finally, (4) for each
field that-has changed, has its value changed? For all
updates that pass the four levels of checking, the update
function calls the application “callback” routine to send
the updates to application. .
When the update function is called, it first takes care
of a variety of preliminary matters, such as, setting the
poll access semaphore 1240 in application information
structure 1202 (see FIG. 9) to block all other polls of the
application interest list from occurring while this poll is
taking place. Then, for each interest/filter list informa-
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tion structure 3000 within application information
structure 1202, the update function performs the first
level of checking to determine whether there have been
any updates received from the feed server (line 4402).

During this phase, the update function determines
whether the interest/filter list information structure
3000 was changed by checking change flag 3002 in that
structure (see FIG. 10). It also determines whether the
master interest list was updated since the last poll by

10 comparing the field update count 3004 in interest/filter

list information structure 3000 with the total number of
field updates reported in field 1030(2) of the data feed
statistics block of data feed control block 110 (see FIG.
4). Note that the update count reported in structure
3000 corresponds to the number of updates that were
made to the master interest list as of the last update poll;
whereas, the update count in the data feed control block
corresponds to the total number of updates to the mas-
ter interest list for this feed server at the time of the
current poll. A difference in these two counts (e.g., the
former count being less than the latter count) indicates
that changes have been made to the master interest list
that have not been reported to the application.

If the first level of checking indicates that updates
have been received since the last poll, the update func-
tion sets the update count in interest/filter list informa-
tion structure 3000 for that data feed equal to the update
count for that data feed as found in field 1030(2) of the
data feed control block 110 (see FIG. 4). Then, the
update function loops through each interest list hash
bucket identified in structure 3000, and for each hash
bucket through each interest list record 3100 in the hash
chain, and for each duplicate hash value record through
each interest list record in the duplicate chain (i.e, each
record for the different instances of the relevant key).
For each interest list record in the hash chain, the up-
date function sets an internal new updates flag to
FALSE. (Note that the internal new updates flag is not
the new updates flag within the field data structure, but
rather is an internal flag used to achieve greater effi-
ciency.) Also, recall that there is a hash chain of interest
list records identified by the pointers stored in field 3108
of the interest list record 3100 and that there is a dupli-
cate chain of different instances of the same key identi-
fied by the pointer in field 3110 of that record. In other
words, the update function traces down these linked
lists to identify all of the relevant interest list records.
For each identified interest list record 3100, the update
function uses pointer in field 3114 to locate its associ-
ated master interest list record 2000 (see FIG. 11).

In each master interest list record thus located, the
update function sets access semaphore 2004 (see FIG. 5)
and then performs the second level of checking (line
4404). During this phase, the update function checks the
change flag located among flags 3104 in interest list
record 3100. The update function also compares the
record update count 3103 in application interest list
record 3100 (see FIG. 11) with update count 2006 in
master interest list record 2000 (see FIG. 5). If this

60 second level of checking indicates that records have

been updated since the last poll, the update function sets
record update count 3103 in application interest list
record 3100 equal to update count 2006 in master inter-
est list record 2000 and moves onto the third level of
checking by examining each application interest list
field structure that is in the singly-linked list identified
by the pointer in field 3116 of interest list record struc-
ture 3100 (see FIG. 12).

71
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During the third level of checking and for each field
data structure 2020 identified by the pointer in field
3208 of interest list field structures 3200, the update
function determines whether that field data structure is
new or has been changed since the last poll (line 4406).
To make this determination, the update function first
checks the new interest list field flag among field flags
in the application interest list field data structure (see
FIG. 12). Note that the application interest list record
field data structure is also referred to as the previous
field data structure and is stored in field 3206 of interest
list field structure 3200 (see FIG. 12). Then, the update
function compares field update count in the application
interest list record field data structure with field update
count 2022 in the master interest list record field data
structure 2020 (see FIGS. 7 and 12).

If the update function determines that there has been
a change to the field, and if the change was due to its
being a new field, the update function clears the new
interest list field flag in application interest list field data
structure and remembers its original value by setting an
internal new interest list field flag to TRUE. Then,
regardless of the reason why the field has changed, the
update function sets the update count in the application
interest list field data structure equal update count in the
master interest list record field data structure.

After revising the update count, the update function
then performs the fourth level of checking in which it
determines whether the application interest list field
value is different from what it was during the last poll
(line 4408). To determine if a change has been made to
the actual data value of this field, the update function
checks the internal new interest list field flag for the
application interest list field and also compares the data
element value in the previous field data structure (in
field 3206 of interest list field structure 3200, see FIG.
12) with the element data value in field 2032 of the
master interest list record field data structure 2020 (see
FIG. 7).

If the field data value has changed since the last poll,
the update function copies the master interest list record
field data value into the application interest list field
data value and sets the field updated bit among the field
flags in the previous field data structure 3206 to TRUE.
Then, the update function sets the internal new updates
flag for the application interest list fields. These steps
mark the interest list field structure so that its field value
will be transferred to the application during the last
phase of operation of the update function.

After all checks have been performed on each appli-
cation interest list field and the appropriate application
interest list field data structures have received the up-
dated values, the update function clears the master in-
terest list access semaphore and then checks the internal
new updates flag for the application interest list field
structures (line 4410). If the flag is TRUE, the update
function goes through each application interest list field
structure in the linked list of structures (see pointer in
field 3116 of interest list record 3100 in FIG. 11) and
checks the field updated bit to see if the interest list field
has been updated.

For each field that has been updated, the update func-
tion formats the data stored in the previous field data
structure and places the formatted data into an update
buffer. Then, the update function uses the previously
supplied call back routine (supplied when the applica-
tion registered with the RTE) to send the formatted
data value to the application. The formatting involves,
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among other things, appending the application supplied
private data that is identified in the interest list field
structure 3200 (in field 3202 of FIG. 12) and the interest
list record 3100 (in field 3112 of FIG. 11).

Following the above-described sequence of steps, the
update function passes through the entire application
interest list until it has transferred to the application the
data values for all application interest list fields which
pass the four tests previously described.

Referring to FIG. 48, a queuing application uses the
rte_read function (referred to hereinafter as the read
function) to obtain a single data item stored in queue
information structure 3500 (see FIG. 15). Recall that
queue information structure 3500 holds all updates that
are received from the feed server and that are identified
in the application’s filter list as being of interest to the
application. When the application calls the read func-
tion, that function sends the first message in the queue to
the application. The application uses repeated calls to
the read function to empty the queue of all messages
held there.

Initially, the read function sets queue access control
semaphore 3520 in queue information structure 3500.
Then, it checks if there are any messages waiting in the
queue. If no messages are there, the read function sets
reader wait semaphore 3522, and clears access control
semaphore 3520 and then sits on reader wait semaphore
3522 until it is cleared by one of two mechanisms. When
the updater thread passes messages to the queue it clears
reader wait semaphore 3520. However, if no messages
appear in the queue within a predetermined amount of
time, there is a timeout mechanism which also clears
wait semaphore 3520. The predetermined time repre-
sents the amount of time that the read function is per-
mitted to wait for update messages before it returns
control to the application.

If a message arrives in the queue before the timeout
expires, the read function again sets access control
semaphore 3520 and then obtains the pointer to the first
queue data structure 3600 from field 3516 of the queue
information structure 3500. The read function adjusts
the pointer to point to the next member of the queue and
then clears the access control semaphore.

The field data value in the queue data structure that
was obtained from the queue is formatted into a message
that is then placed on another queue for transfer to the
application. The memory occupied by that queue data
structure is then freed up.

Other embodiments are within the following claims.

What is claimed is: :

1. A realtime engine for interfacing one or more data
feeds with an application, each one of said one or more
data feeds having an associated group of items for each
member of which that data feed delivers realtime data,
the interface comprising:

means for caching data values most recently received

from a selected one of said one or more data feeds
for at least some members of the associated group
of items for the selected data feed, wherein said
caching means caches a data value that is most
recently received for any given item by replacing a
previously received data value for said given item
with the most recently received data value for said
given item;

means for retrieving at least some of said cached data

values in response to a request for updates from the
application; and
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means for sending the retrieved data values to the
application in response to the request for updates,

wherein said caching means updates its cached data
values with reaitime data received from said se-
lected data feed when said realtime data is received
from said selected data feed and wherein said cach-
ing means performs said updating automatically
and on an ongoing basis irrespective of whether the
application has requested any updates, and

wherein said retrieving means comprises means for
determining which of said cached data values for a
given set of items are different in value from data
values for that set of items last sent to the applica-
tion by said sending means, and wherein said re-
trieving means retrieves and said sending means
sends only those cached data values having values
that are determined to be different from the last
sent data values for that set of items.

2. The engine of claim 1 further comprising means for
identifying a subset of the associated group of items for
the selected data feed, said subset containing items for
which the application desires data, and wherein said
subset identifies the members of the associated group
for which said caching means caches the most recently
received data values.

3. The engine of claim 2 further comprising means for
storing copies of the data values for said given set of
items last sent to the application, and wherein the deter-
mining means compares contents of the storing means
with contents of the caching means to determine which
data values for said given set of items are different from
those last sent to the application.

4. The engine of claim 2 wherein said caching means
comprises means for recording for each cached item
whether it has been updated by the data feed since data
values for those cached items were last sent to the appli-
cation, and wherein the sending means sends only those
cached data values which are identified by said record-
ing means as having been updated.

5. The engine of claim 2 further comprising means for
enabling the application to add members to said subset.

6. The engine of claim 2 further comprising means for
enabling the application to delete members from said
subset.

7. A realtime engine for interfacing multiple data
feeds with a plurality of applications, each one of said
data feeds having an associated group of items for each
member of which that data feed delivers realtime data
to the realtime engine, the interface comprising:

a data structure means for identifying a set of items
from among said associated groups of items for
which updates are desired by one or more of the
applications;

means for caching data values most recently received
from said data feeds for the identified set of items;

means for retrieving certain of said cached data val-
ues in response to a request for updates from any
one of the applications, wherein said caching
means updates its cached data values automatically
and on an ongoing basis irrespective of whether
any of the applications has requested any updates;

means for sending the retrieved data values to the
application in response to the request for updates;
and

an application data structure means for storing for
each of said applications the data values last sent to
that application by said sending means and wherein
said retrieving means checks a particular data value

38 :
stored by said application data structure against a
corresponding data value stored by said caching
means to determine whether to retrieve that partic-
ular data value for transmission to an application

5 requesting an update.

8. The realtime engine of claim 7 wherein said set of
items identified by said data structure means is a union
of all items for which updates are desired by said appli-
cations.

10 9. The realtime engine of claim 7 wherein each item

of said associated groups of items comprises a corre-
sponding set of fields, each field of which represents
different information about the item of which said cor-
responding set of fields are a part, and wherein said data

15 structure means also identifies fields of the identified set

of items, the identified fields being those fields for
which updates are desired by one or more of the appli-
cations.

10. The realtime engine of claim 9 wherein said cach-

20 ing means caches data values most recently received

from said data feeds for the identified fields.

11. A realtime engine for interfacing multiple data
feeds with a plurality of applications, each one of said
data feeds having an associated group of items for each

25 member of which that data feed delivers realtime data

to the realtime engine, the interface comprising:
a data structure means for identifying a set of items
from among said associated groups of items for
which updates are desired by one or more of the

30 applications;

means for caching data values most recently received
from said data feeds for the identified set of items;
means for retrieving certain if said cached data values
in response to a request for updates from any one of

35 the applications, wherein said caching means up-

dates its cached data values automatically and on
an ongoing basis irrespective of whether any of the
applications has requested any updates;

means for sending the retrieved data values to the

40 application in response to the request for updates;

and

an application data structure means for storing for a
given one of said applications information relating
to a last update of said given one of said applica-

45 tions and wherein said retrieving means in response

to an update request from said given one of said
applications checks the stored last update informa-
tion of said application data structure means to
determine whether to retrieve any cached values

50 for said given one of said applications.

. 12. The realtime engine of claim 11 wherein said
application data structure means comprises a first means
for indicating whether any realtime data has been re-
ceived from a given data feed for a particular item of the

55 group of items associated with said given data feed since

said sending means last sent an update for that particular
item to said given one of said applications and wherein
said retrieving means retrieves the data value for that
particular item from said caching means for transmis-

60 sion to said given one of said applications only if said

first means indicates that realtime data has been re-
ceived for that particular item since said sending means
last sent an update for that particular item to said given
one of said applications.

65  13. The realtime engine of claim 12 wherein said

application data structure means comprises a second
means for indicating whether the particular item has
been updated by one of the data feeds since said sending
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means last sent an update for that particular item to said
given one of said applications and wherein said retriev-
ing means retrieves the data value for that particular
item from said caching means for transmission to said
given one of said applications only if said second means
indicates that said the particular item has been updated
by one of the data feeds since said sending means last
sent an update for that particular item to said given one
of said applications.

14. The realtime engine of claim 13 wherein said
application data structure means comprises storage
means for storing for said given one of said applications
the data values last sent to that application by said send-
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ing means and wherein said retrieving means checks a
data value stored in said storage means for the particu-
lar item against a corresponding data value stored by
said caching means to determine whether to retrieve
that particular data value for transmission to said given
one of said applications and wherein said retrieving
means retrieves the data value for that particular item
from said caching means for transmission to said given
one of said applications only if the stored data value for
that particular item in said storage means is different
from the corresponding data value stored by said cach-

ing means.
* * ¥ % X%
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Col. 29, line 10, insert a period at the end of the
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Col. 33, line 38, replace "queueing" with --queuing--.
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