Under the hood of the DCART project

Alexander Kozlov

University of Massachusetts Lowell
Center for Atmospheric Research

XIV INTERNATIONAL GIRO FORUM - 20-23 MAY



DCART general layout

-

data storing

data visualization operator

data processing

engineer

Data packets y Uscr
cracker

XIV INTERNATIONAL GIRO FORUM - 20-23 MAY



S
data

Data Processor

Show data
mailbox

Hot bata
Show

Data

A ‘ A
DESC
.ay od Parser
Type o
load
Ack ayloa
Alive
Science
Data packet

oy e e S———pt
R—————
- T e o

Framer

Framer

I Q
XIV INTERNATIONAL GIRO FORUM - 20-23 MAY



File Action | Tools | Options Help

! Application information

! System information '
Dﬂ_ Thread information |
|

I

__l__B
Sy Monitor Processing Queues " i
Frequency Report

5

TO START VISUALIZATION OF THE REAL-TIME DATA, ENABLE DATA DISPLAY
DCARTvwv 1.4.1

Copyright (c) UMLCAR 2006-2011

PIEISDNDE

RTABLE SOLUNDIER

me display before leaving system running unattended

28:10.003: DCART w] . started

HHK in:
I FSW Errs:
DESC is IDLE Bad Pckts:

STATE:

TN L &
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| I;;I System information

= O

OS5 name:

O'S version:

05 architecture

HNumber of processors:
Runming JVYM name:

JVM specification name:
JVM specification vendor:
JVM specification version:
Java Runtime name:

Java Runtime version:
JVRAM implemention name:
JVM implemention vendor:

Windows T
6.1

amd&4

4

4068@ Sasha
Java Virtual Machine Specification
Sun Microsystems Inc.

1.0

Java(TM) SE Runtime Environment
1.6.0_25 b06

Java HotSpot{Th) 64-Bit Server VN
Sun Microsystems Inc.

JVR implemention version: 20.0-b11
Current thread count: 26
Peak thread count: 29
Total started thread count: 33
MX thread CPU time: Supported
MX thread contention monitor: Supported
Heap memory init: 67,092,288
Heap memory used: 108,468,328
Heap memory committed: 192,610,304
Heap memory max: 652,476,416
Hon-heap memory init: 24 313,856
Non-heap memory used: 32,644,320
Hon-heap memory committed: 59 441 152
HonHeap memory max: 136,314,880
i Refresh | | Close | ! Run GC

e - m— ——— ——
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. Thread informaticn — R ______J T
Current thread count: 36 Peak thread count: 36 Total started thread count: 49
TID Name State I + CPU, ms [ Blocked count Waited count Lock name Lock owner narm_a_!
24 |RfrFromFiles TIMED_WAITING 45162 0 338 -
15 AWT-EventQueue-0  WAITING 7129 18855 19560|java.awtEventQueue@4989..
43 |DestroyJavayvM RUNMABLE G708 0 0
12| AWT-Windows RUNMNABLE 4134 16 0
45/CommControl TIMED_WAITING 171 I 155|General. Semaphore@as8b... |
27 Swing-Shell WAITING 171 0 508|java.util.concurrent.locks Abs...|
40|TimerQueue WAITING 93 G871 Ti78javaxswing.TimerQueue@4...
51|PldDispatcher TIMED_WAITING 93 15 158|General. Semaphore@7177...
33|35TRuleHelpd TIMED_WAITING 45 5 247
59(TM_refresh RUNMNABLE 4B 0 22
50|Framer WAITING 46 17 16|General. Semaphore@y817c...|
49|Parser RUNMNABLE 3 0 1]
18[JCPipedOut WAITING 15 40 41|General. Semaphore@7bcod...
2|Reference Handler WAITING 15 14 13|java.lang.ref.Reference$loc...
41 |Cnithonitor TIMED_WAITIMNG 15 K] 436|General. Semaphore@37dfid... 1
3Finalizer WAITING 15 26 12[java.lang.ref ReferenceQueu... | 0
20{output TIMED_WAITING 0 0 1307 [java.io.PipedinputStream@... |
19JCPipedErmr WAITING 0 L 2|General. Semaphore@3bcl12..
4|5ignal Dispatcher RUNMNABLE 0 0 0
10| JavazD Disposer WAITING 0 5] 131 java.lang.ref. ReferenceCiueu. ..
11| AWT-Shutdown WAITING 0 29 30}jjava.lang.Object@7bba%ady
17| DCARTTimer TIMED_WAITING 0 3 1305[java.util. TaskCQueue@701afb...|
5lattach Listener RUNMNABLE 0 0 1]
21|errar TIMED_WAITING 0 0 1307 |java.io.PipedinputStream@2. ..
47 |CEQ_watcher WAITING 0 0 1|General.Semaphore@G214...
A6[SMND_watcher WAITING 0 0 1|General. Semaphore@ 1fe74..
389|RefrCounters TIMED_WAITING 0 0 1302 |
55/PMSender TIMED_WAITING 0 0 19 |
54|CEQ_SDP TIMED_WAITING 0 0 153|General. Semaphore@s7 3cf...
53/SND_SDP TIMED_WAITING 0 0 153|General. Semaphore@64748. . |
25Watchdog TIMED_WAITING 0 0 168
23|FileChannel TIMED_WAITING 0 3 327 —-
22|{CmdExecutor WAITING 0 0 1|General Semaphore@2c347 | -
Stop refresh | change period | 4'|:|' sec [v] Show Accumulative [v] CPU monitoring [ | Contention monitoring @
| Refresh | | Close |
_— ——
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| £+ Processing queuses monitoring

|f'-.-'1ir1ir‘r1ize|
SHD-EHEHE 0%a
CEI:}-EHEHE 0%

: Close | [+ ahwrays on Top

SHDO-gueae 15 %

CE:}-EH eue 0%

| [+ ] always on Top
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Data processing (DP) principles

Atomicity of processing and data:

Data Processing consists of several DP steps

One step represents data processing algorithm

One algorithm takes one or several Data Groups and produces one or several Data Groups
Conveyor:

Data Processing steps work in the same manner as conveyor where ‘processing bricks” are Data Groups
Isolation:

Data Processing steps are isolated from each other
Developer obligation:

Coding of any Data Processing step has the mandatory conventions

These conventions are related with data processing

DP step developer can concentrate on algorithm itself
Off-line debugging and testing:

having raw data developer can off-line debug and te

IGF 2@14
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DP Conveyor

Data producer

. «— ]
display or/and strore data 4 give me next data group

display or/and strore data ¥ give me next data group
:

display or/and strore data l give me next data group
display or/and strore data A4 give me next dz

Data consumer

yjorking from Data Consumer
IGF 2@14




Data Processing step properties

e Get method

 Accumulating and Reduction Numbers

Accumulating number says how many Data Groups DP step will
accumulate before starting to process them

Reduction number says what times number of Data Groups will be
reduced by applying this DP step

To get reduction number of DP you need just multiply reduction
numbers of steps of this DP

Getting of accumulating number of DP i
* Modified in-place flag
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Look#

STATIDH HAME ¥¥¥¥ DATE DD HHMMSS . 555 AYH PPS IG PEH
Mill=stone Hill 2007 Mar08 067 023035.920 714 100 -8 002

3592, Freqg 1700 [kH=], Code 1, Polari=zation 0, Atct 30d4dE, 3ac 16353
linear =scale, max amp 3957, phase -147, ant 2, range# 355

180
n WW
180
80 200 400 GO0 800 1000 1200 1358 80 200 400 1] 800 1000 1200 135
3676 —
— Edit Data processing options |§|
2000 —| & Raw Data
] I:I channet Equa"z“‘g npp"catiu" WWMMMWWMM“MWWMWM
1] [ ] Radio Frequency Interference Mitigation (RFIM)
ere & = [F = L e 400 600 800 1000 1200 135¢
— ) Sum Complementary
2000 —| 2 Doppler Calculation
N | oK | | Cancel
o
80 200 400 GO0 800 1000 1200 1358 80 200 400 600 800 1000 1200 135¢
3676 180
2000 o -
o LD e R e e e R e R R e R e e e e e e e
80 200 400 SO0 s00 1000 1200 1358 80 200 400 600 800 1000 1200 1345¢
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STATIOH HAME AXXYY DATE DD HHMMES . 555 AYH PPS
Millstone Hill 2007 Mar08 067 023035.920 714 100

range# 3I05

Iz FPRH
-8 002

Sat 1o383

Look# 3592, Freg 1700 [EkKHz], Code 1, Polarization 0, Att 304E,
linear scale, max awmp 1047, phase -144, ant 2,
§45 180

S00

200 00 00

1000

1200 1358

O o sl

1000 1200 134¢E

348

3

Edit Data processing options
& Raw Data

[ ] Channel Equalizing Application
[ ] Radio Frequency Interference Mitigation (RFIM)
& Pulse Compression

S00

LU L

00 1000 1200 134E

848
2 Sum Complementary

i Doppler Calculation

S0

| (o] % || Cancel |

B LB LU AL

1000

134§

80 200 Bl GO0 1200 1358 &0
848 180
S0 0
L] -180
80 200 Bl GO0 S0 41000 1200 1358 &0 200

AL DU

L] 1000 1200 134§
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STATIDH HAME ¥YYY DATE DDD HHMMSS.SS5SS AWH PPS IG PRW
Mill=stone Hill 2007 Mar0o8 067 023035.920 714 100 —8 002
Loolk# 1796, Freg 1700 [kEH=], Code 1, FPolarization 0O, &artc 304, Sat 16353

linear scale, max amp 651, phase -135, ant Z, range# 305
848 18

i1 200 400 600 00 1000 1200 1358 a0 200 400 600 S0 1000 1200 1354

400 600 S0 1000 1200 1354

500

® Raw Data
[ ] channel Equalizing Application
[] Radio Frequency Interference Mitigation (RFIM)
® Pulse Compression

i1 200 400 600

& Sum Complementary

0 Doppler Calculation

o ][ conce DIVIIIR)

il 200 400 17111} 00 1000 1200 1358 80 200 400 G600 S00 1000 412000 13548
848 180
o -
TR R erRe e rrrRR R re e reerere e e e
80 200 400 17111 00 1000 1200 1358 a0 200 400 GO0 S00 1000 12000 13548
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STATIDH HAME ¥¥¥¥ DATE DD HHMMSS . 555 AYH PPS IG PRH
Mill=stone Hill 2007 Mar08 067 023035.920 714 100 -8 002

Look# 1796, Freg 1700 [EH=z], Code 1, Polari=ation 0, Attt 304dE, Zat 156383
linear =scale, max amp 319, phase —-22, ant Z, range# 12
180

S48

| ] g -|'|'.||"|'||| - ||.|||.||||||l||”.

o BRI mpepe T T T T T T T T T e T T T T T T e TR T T S T T T e T T T R T e T T

idi] 200 400 Ll S0 4000 1200 1358 S 200 400 500 00 4000 1200 1344

e Edit Data processing options _ ‘ I
500 &5 Ao Dt - I ||||I. Ly |||I|
[] Channel Equalizing Application " u||| |I|m w | ™
0 Radio Freguency Interference Mitigation (REIM)§rrr e e s B s b e e e e
. @) Pilse Compressiah 400 GO0 &00 1000 1200 1344
i & Sym Complementany I
500—: ) Doppler Calculation | II|| | | || |] iu ||| I| T |I| ||
] OK || Cancel I | | | | | || ] |
LU AERNN RS AR Ll R LR 4 L R LR R R AR R ] LR AR LR AR E R AR R AR LAY R EAE)
&0 200 400 600 &00 1000 1200 1358 &0 200 200 600 &00 1000 1200 1344

I IO 0 A O T TR YO
T 0T R

B L——

Lidl] 200 S0 GO0 S0n 1000 1200 1358 ill] 200 400 GOm S00 1000 1200 13548
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DCART Visualization Screens (1)

Amplitude, Angle Of Arrival All steps of lonogram Calculation
— lonogram @ Raw Data

4 antenna - Amplitude, Phase _ Channel Equalizing Application
. Echogram i) Radio Frequency Interference Mitigation (RFIM)
— Group data
* Original RAW
* With RFIM
* With channel equalizing
* Pulse compression
e Sum of complementary
* Drift

Housekeeping I
— BIT View Group Data

7 Pulse Compression

2 Sum Complementany

_ Doppler Calculation

_ lonogram Calculation

File | Action ! On-line Options Help

. . Wi |

— Tracker Calibration i
View Echogram
Wiew BIT Data

View Tracker Calibration Data

-
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DCART Visualization Screens (2

Look data display MHJ145 2007137233725 RAW show as spectr  [] Use zoom

se dB Polarization ® ALL (0 X
P — Freq [MHz]: |05 12 Amp |93.3 sp.max v
[soa || Export | I I I | [rma] ~ |

2007.11.08 (312) 17:11:23.710
Use zoom [ | STATION HAME ¥YYY DATE DDD HHMMSS.S5SS AXH PPS IG PRHW
Millstone Hill 2007 Mayl7? 137 233725.560 717 200 -0 012

[ dBscale | Remm || Freqdomain | Phase difference [[] Min amplitude to show phase:

59, Freg 2800 [kHz], Code 2, Folarization O, Att 12dB, SATURATED
dE scale, max amp 76, phase 17, ant 4, renged 16
180 —

max amp, dB:

T L s R T
| 593! 2 200

Alt colors []

H km 575
Hjind 23
a5 .1

o

Magnitude (sp.max), dB

100

100

Program H Open ||

T T T
4.95 5 5.05
Frequency, MHz

IGF 2@14
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Look data display

Scale: db/linear
Zoom: in/out
Presentation:
Frequency domain / Time domain

Real + Imaginary / Amplitude + Phase
Export:

one look
all looks max/min/average
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Look data display MHJ45_2007031171223.RAW

[ ] dB scale Mag/Ph || Freq domain se difference [ | Min amplitude to show phase: | Export Tabulated export ||
Use zoom [] STATIDOH HAME YYYY DATE DDD HHMMSS.SSS AXH PPS IG PREH
min hgt, km: Mill=stone Hill 2007 Jan31 031 171223.485 711 100 -8 012
Di Look# 34, Freq 1550 [kH=z], Code 1, Polarization 0, Att Z4dE, Zatc 40946
—————a linear scale, max 266, re 137, im 266, ant Z, range# Z3
max hot, km: 300 200 =
: ] 4
200 ' il ] e |
_ 0 —-- - — - - - — = = — 0 —— - — —— — — e i
max ampp, lin: 1 -ll III ] -I'---- B 3 II III i I III
, lin:
e -
3|:||:|.|:|| -300 T T T T T T T [ T T T T T T 1 -300 | T T T T T T T | 1
= i 1] 20 40 i1 1] a0 100 120 140 160 180 200 1] ?I] -!l] ‘il]ll 120 140 160 180 208
Alt colors |»| 300 300
1o ol e - Nl | |" By ———— —
g || I||| I onr B I || |"| I
-300 T T T T T T | T T T -300 T T T T T T T T 0
0 El] c!d]l lil]l 1] 100 120 140 160 180 200 LI} 81] 100 120 140 160 180 200
Jon 300 —
I T USSRk R TOr DS
) l : | |||| i | ||
-300 T T T T T T T T T T T T T T T T T -300 T T T T T T T
1} 2l] 4!] i1 1] S0 100 120 140 160 1850 200 1] ?l! 4Il] lil] 80 1l]l]' 12[l 140 160 180 208
Joon Fi0 —
N = | IIII|I|III|II ________ o
-300 T T T T T T T T T T T T T T T -300 T | T (O |
1] 20 440 1] 3!] 100 120 140 160 180 200 L] .'!E.l ﬁu 1EI{I 120 1490 160 180 209

[ ][] [M] geto [0 out of 40
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= Mag/Ph | | @ Time domain ) Freg domain | Phase difference [_| Min amplitude to show phase: [50.0 Tabulated export [ |

Use room
min hagt, km:

0

max hat, km:

I 475

max amp, dB:

Y

Alt colors []

STATION NAME Y¥YYY¥ DATE

DDD HHMMSS .S55 AXIHT FPS IG FEN

Millstone Hill 2007 Jan31l 031 164518.960 714 100 -8 001

Look# 18596, Fredq
dE scale, max amp 56, phase

1750 [kHz], Code 1,

50

100 150 200 250

300 350

400 450 ATH

50

100 150 200 250

300 350

400 450 ATH

50

100 150 200 250

300 350

400 450 478

50

100 150 200 250

300 350

400 450 478

Polarization 0, Att 18dE, Sat 4097
-105, ant 4, range# Z6

180

100

100

i
o -
) )
= =

=
=
=

-100

|
= -
] -]
= =

-
=
= =

[
-
=
=

|
=
=
=

100

-180

50 100 150 2

=

50 100 150

-l

50 100 150 200 250 300 350 400

=

-l

50 100 150 200 250 300 350 A0

view

|1[_ea_|[_open_|[_close

| | Restart

|| export |

100

ms [ ][] [= ][> ][] [M] goto[1205 out of 13760




[]/dB scate| | O Refim @) Mag/Ph | | {® Time domain (_’ Freqdomain | Phase difference | Min amplitude to show phase: [316.2 Tabulated export [

Use zoom [¢] STATION NMAME Y¥YYY DATE DDD HHMMSS .S555 AXHW PPS IG PENM
min hagt, km: Millstone Hill 2007 Jan31l D31 164518.960 714 100 -8 001

0 Look# 18596, Freq 1750 [EH=z], Code 1, Polarization O, Att 18dE, Sat 4097

linear scale, max amp 655, phase —-105, ant 4, range# IZE
max hat, km: - 180

(T

max amp, lin:

1071.5]
— M
T e g o e b

] 50 L1} 150 200 250 300 350 400

-
=
=

-
=
S

=
TN CXTR RTSTN PRTRA CRTR ATRTAINTRI AT

100

-
=}
=

-
=
=

-
®
&

T s ey —
| B s e S B ) N R N I B e ey i e e e e o e e

L1} 150 200 250 300 350 400

10
] 50 10 50 100 150

1} 150 200 250 300 350 400

-
=]
=

-
=
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-
=
S

50 100 150 200 250 F00 350

-
=]
=

-
=
=

500 |

150 200 250 300 350 400 4ATE 50 100 150 200 250 J00 350

-
=
S

=
U IRTS1NTRTA INTRUPRTRY ATATM IRTSIAT

0
L]

50 100
50 100

view |r| edit || Open || Close || Restart || Export | 100 ms [ | [€d] [ = [»|[pp][M] goto [1226 out of 13760



dB scale | ! Reftm ‘= Mag/Ph | | ) Time domain ® Freq domain | Phase difference | | Min amplitude to show phase: [50.0 Tabulated export [

max freq, KHz:

STATION HAME ¥Y¥Y DATE DDD HHMMSS .SS55 AYH PPS IG PRH
Millstone Hill 2007 Jan31l 031 164518.960 714 100

Folarization O,
ant 3,

29,

180

100

1]

-100

180

-30

34

180

100

=100

~180

-30

34q

|| Open || Close || Restart ||

Export | 100/ ms [ | [¢][=][» ][] [ M] goto o out of 13760




—

:I.S-tz.ﬂ_iorl: _ln.|'i-|l-sti.)ne Il‘il'l
| Start:
| date: 2007.01.31(031)
- B R
e E LA
3.0.0

1.3.230

2z
| URSsE MHJa5 '
| SiD: 42
BED L 260
| Longitude: 288,50
| Eguipment: DP5-4D

Global Pars: | Criginal | | Resulting | | CCEQ |

Applied Processing Steps

Operation: [Sounding Mode | | IMeasuremem ] |
~ FREQUENCY STEPPING ~ SYSTEM SETTINGS
Constant Gain:
FreqStophing Lo [ | | Auto Gain Comirol:
Lower Freq Limit: I [kHz] e
ain:
Upper Freqg Limit: [kHz]
Coarse Freq Step: IkHz] Whave Form:
Number of Fine Steps: [ J | Polarizations: z‘ Antennas enabled; D]]]
[] Radio Silent e ll £ compatible
Totael froquerndics =1k { ol —a
— RANGE SAMPLING — DATA PROCESSING
Start Range; [km] [ ] RFIMY
Number of Samples: [v] CCEQ
Inter-Pulse Period: auto [5ms] [_] D-Spike [ ] chipComp

~ PULSE INTEGRATION

Number of Integrated Repeats:

Interpulse Phase Switching:

|‘U’|ew Process Chain |

~ OUTPUT FILES

Sawve product file [ Sawve raw file

lums || [runxa

[ %A

IGF 2@14
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dB scale |Onem1 @MagrPnHC}Tmedomam ®! Freq domain

Phase difference [ | Min amplitude to show phase: |50.0 Tabulated export [_|

[
. Checkto show phase difference |

Use zoom
min freq, KHz:

STATION HAME

Millstone Hill 2007 Jan31l 031 164518.960 714 100

IIIII_UKWMSETS 5 AN PF5 IG FEM
-8 001

-30.00 Look# 189E, Frecq 1750 [kH=z], Code 1, Polarization 0, Att 1E8dE, Sat 4097
. dE scale, max amp Z4, phase -38, ant Z, range# 341
max freq, KHZ 85 180 3
20.00 i 3
60 3
max amp, dB: — E
o 03
B0.5 o5 E
| Alt colors [ 20 ~100
u—m A T T A S B e T T o o R
30 -25 20 15 10 -5 0 5 10 15 20 25 30 0 25 20 -15  -10 -5 0 5 10 15 20 25 34
85
60 |
40 -
= l I .. ..II " Il.. . I -1no—§
= 180
30 -25 20 5 10 -5 0 5 10 15 20 25 30 30 -25 34
85 180
60 | E
a0
20 | l.. .l. I. ." ~100 3
Ll . 180 3 T T T T T T T T T T T
30 -25 20 M5 10 -5 0 5 10 15 20 25 30 30 25 20 15 10 -5 0 5 10 15 20 25 34
85 180 —
7] ] 100 3
60 E
0 - 0
20 I ... ... .I . I 100 3
o B e e e L e e T T e
30 -25 20 5 10 -5 0 5 10 15 20 25 30 30 25 20 15 10 -5 0 5 10 15 20 25 34
Prefaoe| view |:| leait! || Open || Close || Restart || Export | 100 ms [ | [@d] [= [ > | [m][M] goto o out of 13760




Preface: MHI45, 2007.01.21 16:45:00.000

Millstone Hill

2007.01.31(031}

Global Pars: | Criginal | | Resulting | | CCEQ |

Applied Processing Steps

Operation: [Sl:-llnding TMode

| | lMeﬂSllrElllEl“

]

— FREQUENCY STEPPING

Freqg Stepping Law: [

Lower Freq Limii:
Upper Freq Limit:
Coarse Freq Step:

IkHz]
| [kHz]
IkHz]

Humber of Fine Steps: [

Toteld

— RANGE SAMPLING
Start Range:
Number of Samples:

Inter-Pulse Period: auto

— PULSE INTEGRATION

Number of Integrated Repeats:

Interpulse Phase Switching:

- SYSTEM SETTINGS

Constant Ga

Auto Gain Controk

Fx Gain:

Wiawe Forme:

Polarizations:

[ Radio Silent

jl Antennas enabled: EEED

~ DATA PROCESSING

|'|."iew Process Chain |

RFIM in FPGA Raw Data -
CCEQ Raw Data I
= Pulse Compression

D-Spike ChipComp
- = Sum Complementary

~ OUTPUT FILES
Sawe product file

[ Sawve raw file

l v| IfLIII b & 8

IGF 2@14

XIV INTERNATIONAL GIRO FORUM - 20-23 MAY



UMS (Uniform Measurement Storage) data format

Reusable data structures
Mapping of memory structure
Unified reader for all data types
Versioning of data

e Program measurement is the minimal data unit that can be read by UMS reader. Program
measurement is uniquely identified by station and start time.
e Program measurement consists of Program header and number of Data Groups
e Data Groups:
1. Look, corresponds to raw data acquired by DESC after one series of sampling (and it
usually corresponds to one signal transmitting) .
2. Doppler Frequency Group, corresponds to data unit after Doppl
Step . '
3. lonogram Frequency Group, corresponds to ¢
Processing Step ;

I Q
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header

signature

data group 0

length of

measurement

version

data group 1

general header

completeness of
measurement

preface

truncated ?

see
next

number of
gaps
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UMS Data Format description, p.2

station 1D

Preface

start time

DESC ver

run time., ms

latitude

longitude

URSI code

station name

antenna
configuration

DCART ver

schedule #

program #

number of
proc steps
applied in

DESC

A S )

number of
applied proc

stens

L= —a g

ctriiectiire

UL ULVIUILI V

equip model

array of
applied proc

measurement
program
description

<tructure
| @A GAY O~ w5 g~

A AR an — o & =4
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UMS Data Format description, p.3
Preface

Cross-Channel

Equalizing Data

Global Parameters

Processing Step’s
Parameters
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Versioning mechanism example

Program structure Large data structures, like Program data structure,
memory layout contain its version inside of its content and this version
version number number saved on disk (serialized) as the first element
of this data structure.

operation code

It gives possibility to tune-up software reading engine
operation option on-the-fly when data is retrieving.

E Returning to this example, it leaves developers the
possibility to change Program structure in the future
still having backward compatibility of reading engme
upper fiequency Of course, maintenance of ver5|on|n mechar for
° any structure requires qwt |
attention.

lower frequency

I £y 1 ‘rl
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