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1-100GHz !
Nyq

2-200 Gs/s
- Ms/s
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~500MHz bandwidth
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x LO
(mixing)
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Analog Waveform
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Analog Waveform

11 01 00 10 ... € 2-bit numbers

verkouter@)jive.eu



sign bit
magnitude bit




x LO baseba_nd
conversion
+ A-to-D

(mixing)
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Can’t just write to disk

CHA ... 11 01 00 10 01 ...

CH B: ... 01 10 11 01 11 ...

CH = ... 10 00 01 11 00 ...




Enter the/a” formatter

Function 1: time tagging the samples

. 11 01 00 10 01 ..
. 01 10 11 01 11 ..
. 10 00 01 11 Q0O ..

T

1PPS (UT)
from the maser

(*) there are multiple types of formatters
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Enter the/a” formatter

Function 2: channel selection + decimation

. 11 01 00 10 01 ..
. 01 10 11 01 11 ..
. 10 00 01 11 Q0O ..

(*) there are multiple types of formatters
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Enter the/a” formatter

Function 2: channel selection + decimation

. 11 01 00 10 01 ..
. 01 10 11 01 11 ..
. 10 00 01 11 Q0O ..

(*) there are multiple types of formatters
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Enter the/a” formatter

Function 2: channel selection + decimation

. 11 01 00 10 01 ..
. 01 10 11 01 11 ..
. 10 00 01 11 00 ..

(*) there are multiple types of formatters
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Enter the/a” formatter

Function 3: formatting into frames

. 11 01 00 10 01 .. . HDR 11 00 01 ... HDR ...
. 01 10 11 01 11 ..
. 10 00 01 11 00 .. . HDR 10 01 00 ... HDR ...

(*) there are multiple types of formatters
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Enter the/a” formatter

Turn bit streams into sequence of frames
the type of formatter determines the frame/data format

..|HDR 11 01 .. 10 O1 JHDR 01 10..

frame

(*) there are multiple types of formatters
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baseband
x LO conversion formatting
+ A-to-D

(mixing)
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Can’t just write to disk

Each type of BBC/formatter has its own connector type

« MarklV/VLBA
« RS422: 32 parallel serial wires, 1 bit / each
Mark5B
« V(LBI) S(tandard) I(nterface) / H(ardware)
flatcable w/ 32 parallel lines, 1 bit / each
FiLa10G/RDBE/CDAS/BRAS/K6-GALAS
* 10Gbps ethernet
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Can’t just write to disk

Nyquist:

fs =2 xBW
Thus:

BW =16 MHz

fs =32 Msamples /s

At 2 bits / sample:
64 Mb /s (per channel)
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Can’t just write to disk

Typical VLBI observation:
16 channels x16 MHz

Thus:
16 x 64 Mbps = 1024 Mbps (128 MB/s)




tom’s

-~ Seagate Desktop HDD.15 (4 TB, 5900 rpm)
HAl{ DWARE Data Transfer (SATA 6 Gb/s)
THE AUTHORITY ON TECH Transfer Performance throughout the medium [MB/s]

h2benchw 3.16
180 MB/s
170 MB/s

160 MB/s

150 MB/s

140 MB/s hﬁwﬁ“%q

130 MB/s r"-L"'L... 1 024Mb S
| P

120 MB/s

110 MB/s
100 MB/s

S0 MB/s
80 MB/s
70 MB/s
512Mbps
50 MB/s
40 MB/s
30 MB/s
20 MB/s
10 MB/s

MB/s
1000 GB 3000 GB

Write
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x LO baseband
conversion formatting recording

+ A-to-D

(mixing)
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x LO baseband
conversion formatting recording

+ A-to-D

(mixing)
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x LO baseband
conversion formatting recording

+ A-to-D

(mixing)
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A-to-D + Digital

Signal Processing fdgrmatting recording
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1-100GHz !

Nyq 2-200 Gs/s

s: Gs/s
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x LO A-to-D + Digital

(mixing)  Signal Processing formatting recording
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A-to-D + Digital

Signal Processing formatting recording
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Digital

Signal formatting recording
Processing

Filter +
A-to-D
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baseband
conversion formatting recording

+ A-to-D
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Hardware zoo!

Expensive equipment:
speed requirements
long develoment time
specialistic equipment

Keep it operating until it breaks:
life time cycle 2 10 years
very rapid development last decade:
‘everyone can do it’
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Hardware zoo!

Combinations of hardware:
depend on connection types
determine the data format on disk
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hard drive cost per gigabyte (USD)

$1,000,000.00
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source: mkomo.com
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Decomissioned equipment

Mark5A hard disk recorder
(around 2003)

¢ 5 XN ¥ ” A '24,‘5‘
MarklV/VLBA terminal
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Currentew equipment

onaitE

DBBC[12]
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Current/new equipment

"

Roach Digital Backend (RDBE)

NI S ':.;; | ,
| il !

arké
| OO l e
KVN Octave A/D (OCTAD) ===

ethernet FlexBuff
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RS422

VSI/H

Ethernet

MarkIV 512 Mbps
VLBA

DBBC[Z] 2048 Mbps
R1002

CDAS
ADS[123]000

DBBCn+FiLa10G 8192 Mbps
R[2]DBE

CDAS2

BRAS




MarklV/VLBA terminal

DBBC[12] (Europe)
R1000 (Russia)
CDAS[12] (China)
ADS2000 (Japan)

RDBE/OCTAD/DBBC3
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Mark5A

Mark5B

Mark5C
FlexBuff
Mark6

FlexBuff
Mark6
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Data
Formats




Different formatters
produce different data formats

formatter format
MarklV, VLBA MarklV, VLBA
Mark5B Mark5B
FiLa10G Mark5B, VDIF
RDBE, K6-GALAS etc. |VDIF
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MarKkIV format (old, tape)

Recording Sequence C "’ Byie | Bye | Byie | Byte F”/ )
20 bytestparity =~ 2480 bytes+parity . :
m DATA 2 2 | I DATA
(Header replaces T~ ~97% omitted ~—

20 data bytes)

CRCC computed over these 148 bits (not including parity)

aaaab‘bbbrr‘sstt‘uu

Even parity
Aux Data Sync Word BCD Time Code & CRCC
(8 bytes+parity) (4 bytes+parity) (8 bytes+parity)
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VLBA format (old, tape)

~ DataField
Recording Sequence \ % B " By || Byte | Bye |/
12 bytes+parity/ 2500 bytes+parity 8 bytes+parity

o o Ao

~97% omitted

CRCC computed over these

48 bltS (nOt inCIUdinq parltV) w‘Station Recorder DAR Parameters Spare
Evenparity — /o acond ) Parameters (bit-reversed digits) Dri)gits
4x111111110 | J | J ' J S'S'S'S'S's's s's [CRC-16 SSRHPPPPTGBSCDOO

\Sync Word
(4 bytes+parity)

BCD Time Code & CRCC
(8 bytes+parity)

z
/

Aux Data
(8 bytes+parity)
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Differences:

« different time stamp encoding

 MarklV: header overwrites data
« 2500 bytes / frame

 VLBA: header inserted into data
« 2520 bytes / frame
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« synchronization word — easy to find in binary data
o Oxffffffff Oxffffffff OxfEFfEfffff OxfEffffff

 layout of the data payload section
* how sign, mag bits are ordered
« non trivial ordering (see below)
 full header per bit stream
* nrecorded streams = n headers

« frame length depends on number of recorded streams:
* nx2500(2520) bytes [160,000 bytes / 64 tracks]

Bit stream
Channel A T A I B J B J
Type Sign | Sign | Mag Mag Sign | Sign | Mag Mag
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Mark5B format (2006, disk)

Dedicated hard disk recorder:
 one header for all bit streams
 fixed frame length of 10,016 bytes:

16 bytes 10,000 bytes
HEADER DATA

0xABADDEED
Years from o .
User-specified data Frame# within second (starting at 0)
VLBA BCD Time Code Word 1 (‘JJJSSSSS”)

VLBA BCD Time Code Word 2 (*.SSSS’ plus 16-bit CRCC)

Table 5: Disk Frame Header format
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Mark5B format (2006, disk)

Header written by Mark5B formatter

Bit 31 Bit0

Word 0 O0xABADDEED
Years from . .
2000 User-specified data ‘ Frame# within second (starting at 0) ‘

VLBA BCD Time Code Word 1 (‘JJJSSSSS”)
VLBA BCD Time Code Word 2 (*.SSSS’ plus 16-bit CRCC)

Table 5: Disk Frame Header format

verkouter@)jive.eu



Mark5B format (2006, disk)

Header written by FiLa10G and RDBE formatters:
requires data reader to know #-of-frames-per-second

Bit 31 Bit0

Word 0 O0xABADDEED
Years from . .
2000 User-specified data ‘ Frame# within second (starting at 0) ‘

| VLBA BCD Time Code Word 1 (‘JJJSSSSS”) ‘

Table 5: Disk Frame Header format
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Mark5B format (2006, disk)

Drawbacks of Mark5B format

only one stream / device
number of channels / stream must be 2"
placement of sign, magnitude bits not fixed!
maximum 2048 Mbps
time stamp is only valid for 1000 days (< 3 years!)
frame size fixed at 10,016 bytes
« ethernet transport more important / new recorders
« maximum ethernet frame 9000 bytes!

frame 1 (5008 bytes) frame 2 (5008 bytes)

5008 bytes
DATA

16 bytes 4992 bytes

HEADER DATA

verkouter@)jive.eu



Data Frame Header N
VDIF
Data Array Data
Frame

verkouter@)jive.eu

d-------"-- e -aa =

_.--...-...’--..--...-:-..--...-.

v

v

Data Frame Header
Thread D 0

Data Aray
Time segment O

Data Frame Header
Thread D 1

Data Aray
Time segment O

Data Frame Header
Thread D 2

Data Aray
Time segment O

Data Frame Header
Thread D O

Data Aray
Time segment 1

Data Frame Header
Thread D 1

Data Aray
Time segment 1

Data Frame Header
Thread D 2

Data Aray
Time segment 1

Data Frame Header

Thread D 0

Data Aray
Time segment 2

‘.....

7y

D I L




VDIF (2009)

32 byte header:

The standard 32-byte VDIF Data Frame Header is shown in Figure 3.

Bit 31 (MSB) Bit 0 (LSB)
Byte 3 Byte2 Byte 1 Byte 0
Word0 | L I L Seconds from reference epochs
Word 1 aSSIiJngll-edz Ref Epochg Data Frame # within second,,
Word 2 V3 | log(fichns)s Data Frame length (units of 8 bytes),4
Word3 | C bits/sample-15 Thread 1Dy, Station 1D
Word 4 EDVjy | Extended User Datayy
Word 5 Extended User Datas,
Word 6 Extended User Datas,
Word 7 Extended User Datas,

Figure 3: VDIF Data Frame Header format; subscripts are field lengths in bits;
byte #s indicate relative byte address within 32-bit word (little endian format)
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VDIF (2009) ==
V(LBI) D(ata) I(nterchange) F(ormat) |§ |

Time segment O

Data Aray
Time segment 0

Time segment 1

Data Frame Header
" Thread D 1 -
Data Aray
Time segment 1

Data Frame Header
Thread ID 2
Data Aray
Time segment 1

Data Frame Header
Thread ID O
Data Aray
Time segment 2
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VDIF (2009)

Data array layout fixed:
« order of channelsis 0 .. (n-1)
 order of bits within sample is little endian

JINEEEESNEEEEEEEEEEEEEEENEEEREED

ESEEEEEEEEEEEEEEEEEEEEEENENNNEEN

MSB LSBMSB LSB

8 channels @ 4 bits / sample
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VDIF (2009)

of improvements over old(er) formats!
 layout of data array + order of bits is standardized
« time stamp accuracy + construction:
e can observe across leap seconds
« accomodate very high data rates (128 Gbps easily)
« can observe for ~33 years with one reference epoch
« data array size flexible and encoded in header!

THERE IS NO SYNCWORD!
cannot recogni2 77 blurb

This Is a serious
defect
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A canonical format

Single string format description
* human + machine readable
« captures most vital parts of the recording
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<fmt>—<rate>—<#h>—<#bps>

fmt>  format MKIV, VLBA
MARK5B
VDIF_<size>, VDIFL <size>

<size> is VDIF data array size

<rate> total data rate in Mbps (x10° bps)
<#h> number of channels typically 2, n=0, 1, 2, ...

{#bps> bits per sample 1,2,4, ..
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<fmt>—<rate>—<#h>—<#bps>
viba-256-16-1

256Mbps VLBA, 16 channels of 8MHz

mark5b-2048-16-2

2Gbps Mark5B, 16 channels of 32MHz

vdif _8000-16384-4-2

16Gbps VDIF, 8000 byte frames, 4 channels of 1GHz




Recording hardware
Data transfer

Data access

Data management




The Markb
VLBI
Data

Recorders




,,;4
0%

I e

4

...

4z

_____
NS

N\/
NN
[— A\ /

/\

N

W

Developed by MIT Haystack \\

* since 2001
e use removable disk packs
« from 1024 Mbps to 4096 Mbps
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Inside the Mark5s

telescope/
formatter

Mark5 system




Inside the Markb5

PCI bus

- StreamstorCard

‘telescope/
formatter

Mark5 system
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Inside the Mark5 (5A)

write to 8 disks in parallel

. : €
& &

) | PATA

RAID Controller

| FPDP

@ ..

I/0O board
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<—> PCI

@ RS422




Inside the Mark5 (5B)

RAID Controller

| FPDP

..

I/0O board

verkouter@)jive.eu

5B+ has different raid
controller — can do

2048 Mbps

@ VSI/H




Inside the Mark5 (SB)
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PCI Connector 256MB memo
The MIT Haystack Mark5B 1/O board
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Markob

and

FlexBuft

The ethernet packet recorders for 8- and 16+ Gbps
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Markob

MIT Haystack + Conduant Corporation

FlexBuft

European VLBI Network — Metsahovi Observatory (Fl)
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memory
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Marko

Follow up of Mark5 (same hardware vendor), decidedly
more commercial-off-the-shelf (COTS) components

» can follow hardware developments (gaming
platforms etc)

» stripe data over lots of disks

* inregular files
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FlexBuff

Concept developed in Finland, Metsahovi Observatory
Ari Mujunen, initial code by Tomi Salminen

« only COTS components

» stripe data over lots of disks
* In regular files in regular directories
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What are the differences
VET S FlexBuff

4 removable disk packs fixed disks




MIT Haystack EVN
Mark5A Mark5a jivesab
Mark5B DIMino jivesab
Mark5C drs jivesab
Mark6 cplans/ ivesas
FlexBuff - jivesab




What are the differences?

Mark6 FlexBuff

/mnt/disks/... /mnt/disk...
striped in single file/disk striped in file per block

extra headers in stream just the payload
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Mountpoints

Mark6 FlexBuff
/mnt/disks/1/0 /mnt/diskO
. /mnt/disk1
. 12 /mnt/disk2
/7 /mnt/disk3
/mnt/disks/2§(1)
/2 ......
T
/mnt/disks/3/0 /mnt/disk31

verkouter@)jive.eu



d-plane

/mnt/disks/1/0/data/eg053.m6

ethO / /mnt/disks/1/1/data/eg053.m6

eth
/mnt/disks/ 1/2/data/eg053.m6

ethn \
/mnt/disks/1/3/data/eg053.m6

smart form of:
$> tcpdump —w /path/to/file ethX

verkouter@)jive.eu



jivedab
/mnt/disks/1/0/data/eg053/...

/ /mnt/disks/1/1/data/eg053/...

192.168.178.2:2640

/mnt/disks/ 1/2/data/eg053/.

- [
/mnt/disks/1/3/data/eg053/...

jiveb5ab always operates at IP:PORT level

verkouter@)jive.eu



d-plane

/mnt/disks/1/0/data/eg053.m6

/mnt/disks/1/1/data/eg053.m6
10GbpSs s 10 MB e

/mnt/disks/1/2/data/eg053.m6

HDR

/mnt/disks/1/3/data/eg053.m6

- recording application header HDR

Bl VLB data

verkouter@)jive.eu



d-plane

/mnt/disks/1/0/data/eg053.m6

HDR 0 DATA

1 OGbpS /mnt/ks/1/1/data/egO53.m6
/mnt/disks/1/2/data/eg053.m6
HDR

/mnt/disks/1/3/data/eg053.m6

- recording application header HDR

Bl VLB data

verkouter@)jive.eu



d-plane

/mnt/disks/1/0/data/eg053.m6

/mnt/disks/1/1/data/eg053.m6
1OGbpS 10 MB \ J

/mnt/disks/1/2/data/eg053.m6

HDR

/mnt/disks/1/3/data/eg053.m6

- recording application header HDR

Bl VLB data
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d-plane

/mnt/disks/1/0/data/eg053.m6

HDR 0 DATA 6 DATA

/mnt/disks/1/1/data/eg053.m6
1OGbpS HDR 1 DATA 7 DATA

/mnt/disks/1/2/data/eg053.m6

HDR 2 DATA 5 DATA

/mnt/disks/1/3/data/eg053.m6

-recording application header HDR 3 DATA 4  DATA

Bl VLB data
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FlexBuff

/mnt/disk0/eg053/

/mnt/disk1/eg053/
10Gb oS mnt/disk1/eg

/mnt/disk2/eg053/

/mnt/disk3/eg053/

verkouter@)jive.eu



/mnt/disk0/eg053/
/
1OGbpS — 256 MB /mnt/disk1/eg053/

/mnt/disk2/eg053/

/mnt/disk3/eg053/

- recording application header

Bl VLB data

verkouter@)jive.eu



/mnt/diskO/eg053/
/mnt/disk1/eg053/

/mnt/disk2/eg053/

/mnt/disk3/eg053/

- recording application header

Bl VLB data
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FlexBuff

/mnt/diskO/eg053/

eg053.00000000

Il

eg053.00000006

1 OGbpS /mnt/disk1/eg053/
eg053.00000001

eg053.00000007

/mnt/disk2/eq053/
eg053.00000002

Il

eg053.00000005

/mnt/disk3/eg053/

. L eg053.00000003
- recording application header

B V. B! data eg053.00000004
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High speed packet capture

does
not
come for free!




High speed packet capture

Throwing hard at the problem?




High speed packet capture

Linux default install is SPECTACULARLY bad for this

Need to do some tuning!

Note: the following is true for both Mark6 + FlexBuff



High speed packet capture

Linux default install is SPECTACULARLY bad for this

Interrupts are distributed round-robin over cores!
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COREO CORE1 CORE2

CORE=n
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COREO CORE1 CORE2

CORE=n
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COREO CORE1 CORE2

CORE=n

t
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CORE1 CORE2

CORE=n
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char* p;

if (*p&0x1) {

CORE2

CORE=n

-
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COREO CORE1 CORE2

CORE=n
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CORE2

CORE=n

-
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char* p;

if (*p&0x1) {

CORE2

CORE=n

-
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High speed packet capture

Linux default install is SPECTACULARLY bad for this

Interrupts are distributed round-robin over cores!

Excellent under normal, diverse, network load (Machiavelli)
4Gbps @ 8000 byte/packet
= 64000 interrupts / second = max 15us / packet
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char* p;

if (*p&0x1) {

state state state state
cache cache cache

t

verkouter@)jive.eu



char* p;

if (*p&0x1) {

state state state state
cache cache cache cache

t
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char* p;

if (*p&0x1) {

state state state
cache cache

t
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char* p;

if (*p&0x1) {

state state state
cache cache

t
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char* p;

staten

if (*p&0xl) {
... state1
} state(

state state state
cache cache

t
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staten

state1
state(

state
cache
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High speed packet capture

Linux default install is SPECTACULARLY bad for this

Interrupts are distributed round-robin over cores!

Excellent under normal, diverse, network load (Machiavelli)
4Gbps @ 8000 byte/packet
= 64000 interrupts / second = max 15us / packet

CPU context switch is too expensive = interrupts (packets) lost
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High speed packet capture

Linux default install is SPECTACULARLY bad for this

Interrupts are distributed round-robin over cores!

Fixes that must be done:

No hyperthreaded cores — they’re not ‘meant’ for I/O!

Stop IRQ balancing if active
To each cth.X, assign one (1) core for its IRQs

Some ethX cards allow per card tuning (ethtool (8))
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High speed packet capture

Linux default install is SPECTACULARLY bad for this

Kernel network/socket buffer sizes too low

Fixes: use sysctl (8) toincrease

total amount of memory available to network stack
UDP read memory

number of packets that may be in backlog
Some ethX cards allow tuning this rx-queue-depth (ethtool (8))
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High speed packet capture

These simple tricks already get you most of the way




High speed packet capture

Linux default install is SPECTACULARLY bad for this

Application scheduled round-robin across cores!

Fixes: use taskset (1)in order to ‘peg’

recording application to core(s) not handling ethX IRQs
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High speed packet capture

Full details, the how + why are on-line:

http://www.jive.eu/~verkout/flexbuff/flexbuf.recording.txt
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Controlling

your
VLBI
recorder




BBC

Schedule:

13:40:10/antcn=17h33m21.2s,16°49'12.2”
13:40:30/disk_record=on:eg063h_ys no0001

13:42:30/disk_record=off

(estameoar
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Schedule:

13:40:10/antcn=17h33m21.2s,16°49'12.2”
13:40:30/disk_record=on:eg063h_ys no0001

13:42:30/disk_record=off

(estameoar
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Field System recorder
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Field System control.exe
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Field System control.exe
TCP/IPv4

V3I/S — V(LBI) S(tandard) I(nterface) / S(oftware)
« ASCII based
 telnet, raw socket (Python, C, C++, ...)
* query or command yields reply

<command> = <paraml> [ : <param2> : ... |
!<command> = <result code> [ : <valuel> : ... |

<query> ? [ <paraml> : <param2> : ... |
!<query> ? <result code> [ : <valuel> : ... |
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control.exe

Field System

mode = mark4 : 64 ; —ee—  oxecute cmd >>
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control.exe

Field System

scan check? —D << execute query >>

h—_!scan_check? O : 2?2 : : VDIF : 32

2015y231d07h52m27.4074s
23.5595s : 32Mbps
0 : 8032 ;
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9. Mark 5 DIM Command/Query Summary (by Category)
9.1 General

DTS id? . p.30 Get system information (query only)
OS_rev? . p.38 Get details of operating system (query only)

protect . p. 40 Set/remove erase protection for active module

recover . p.43 Recover record pointer which was reset abno
reset . p. 44 Reset Mark 5 unit (command only)
SS_rev? . .49 Get StreamStor firmware/software revisior

P

9.2 System Setup and Monitoring

1pps_source Select source of 1pps synchronization

clock_set Specify frequency and source of the (

DOT? Get DOT (Data Observe Time) cloc

o

Different hardware

different command set

1 - Lo | - - -y

i TVR I I p. 52 l Start TVR testing

9.4 Data Transfer

disk2file . p.24 Transfer data betw

disk2net . p.25 Transfer data bet

file2disk . p.32 Transfer data frc
in2net . p. 34 Transfer data d
net_protocol . p.37 Set network d
net2disk . p. 36 Transfer dats
record . p. 41 Turn record

MARK 5B DIM COMMAND SET
8
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The VEX file

Describes a V(LBI) EX(periment)

VEX rev = 1.5;

* SCHED vers: Release 11.4. March 14, 2015

* VEX/SCHED: 1.5.87

* Other versions: Sched: 11.4 Plot: 1.06 JPL-ephem: 0.00

* log2vex vers: 4.0.2, Release 20 nov 2014

* Run by jops at 11:49:37 04 Dec 2015

K e e
$GLOBAL;

ref S$EXPER = N15X2;
ref SEOP = EOP296;

$FREQ;

*

def 8391.49MHz16x8MHz;

* mode = 1 stations =Sh:Ur

sample rate = 16.000 Ms/sec; * (2bits/sample)

chan def = : 8391.49 MHz : L : 8.00 MHz : &CHO1l : &BBCO1l : &NoCal; *Rcp
chan def = : 8391.49 MHz L 8.00 MHz : &CHO2 : &BBCO2 : &NoCal; *Lcp
chan def = : 8391.49 MHz U 8.00 MHz : &CHO3 : &BBCO1l : &NoCal; *Rcp
chan def = : 8391.49 MHz 9] 8.00 MHz : &CHO4 : &BBCO2 : &NoCal; *Lcp
chan def = : 8407.49 MHz L 8.00 MHz : &CHOS5 : &BBCO3 : &NoCal; *Rcp
chan def = : 8407.49 MHz L 8.00 MHz : &CHO6 : &BBCO04 : &NoCal; *Lcp
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The VEX file

Describes a V(LBI) EX(periment)

SSCHED; * Experiment: NI15X2

scan No0001;
start=2015y297d09%h00m00s; mode=sess315.X512; source=J1642+3948;

* : data good: data stop: goto startpos :pass:wrp:drv;
station=Ef: 3 sec: 240 sec: 2853.245900800 GB : : N
station=Wb: 1 sec: 240 sec: 14376.565760000 GB 1
station=06: 0 sec: 240 sec: 17216.454323200 GB 1
station=Mc: 1 sec: 240 sec: 15082.992145792 GB 1
station=Nt: 0 sec: 240 sec: 0.000000000 GB 1
station=Sh: 0 sec: 240 sec: 3410.808576000 GB 1
station=Sv: 0 sec: 240 sec: 14488.905216000 GB 1
station=Zc: 3 sec: 240 sec: 11556.188364800 GB 1
station=Bd: 1 sec: 240 sec: 8306.645401600 GB 1
station=Ys: 1 sec: 240 sec: 906.604249600 GB 1
station=Ur: 0 sec: 240 sec: 2820.489574400 GB 1

endscan;
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The VEX file

scan No00O01;
start=2015y297d09h00m00s; mode=sess315.X512; source=J1642+3948;
* : data _good: data stop: goto startpos :pass:wrp:drv;
station=Ef: 3 sec: 240 sec: 2853.245900800 GB : : 1
endscan;
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FieldSystem log

2015.297.
2015.297.
2015.297.
2015.297.

2015.297.
2015.297.
2015.297.
2015.297.

2015.297.
2015.297.
2015.297.

2015.297.

08
08
08
08

08
08
08
08

09:
09:
09:

09:

:20:
:20:
:20:
:20:

:20:
:20:
:20:
:20:

00:
00:
00:

04:

40.
40.
40.
40.

59.
59.
.07&setup01l/mk5b mode=ext, Oxffffffff,,16.000
54 .

44

00

00.

55;Log Opened: Mark IV Field System Version 9.11.8
55;location, EFLSBERG,-7.00,50.53,310.0
55;horizonl,0.,10.,360.
55,antenna,100.0,40.0,30.0,-0.1,365.0,10.0,90.0,azel

53/mk5/!'rtime? 0 : 205108s : 13147.9GB : 82.1685% : ext : Oxfff
54/mk5/!dts id? 0 : mark5Sb : 21-Sep-2015 15h09m21ls : 1 : mark5-

06/mk5/!dot? 0 : 2015y297d8h20m54.0640s : syncerr eq 0 : FHG of

.00:disk record=on
03.
03.

06:disk record
06/disk record/on,nl5x2 ef no0001,305

00:disk record=off
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FieldSystem log

2015.297.
2015.297.
2015.297.
2015.297.

2015.297.
2015.297.
2015.297.
2015.297.

2015.297.
2015.297.
2015.297.

2015.297.

08
08
08
08

08
08
08
08

09:
09:
09:

09:

:20:
:20:
:20:
:20:

:20:
:20:
:20:
:20:

00:
00:
00:

04:

40.
40.
40.
40.

59.
59.
.07&setup01l/mk5b mode=ext, Oxffffffff,,16.000
54.

44

00.
03.
03.

00.

55;Log Opened: Mark IV Field System Version 9.11.8
55;1location, EFLSBERG,-7.00,50.53,310.0
55;horizonl,0.,10.,360.
55,antenna,100.0,40.0,30.0,-0.1,365.0,10.0,90.0,azel

53/mk5/!'rtime? 0 : 205108s : 13147.9GB : 82.1685% : ext : Oxfff
54/mk5/!dts id? 0 : markbSb : 21-Sep-2015 15h09m2ls : 1 : mark5-
06/mk5/!dot? 0 : 2015y297d8h20m54.0640s : syncerr eq 0 : FHG of
00:disk record=on

06:disk record
06/disk record/on,nlb5x2 ef no0001,305

00:disk record=off
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Was
the
recording
succesful?




The scan_check? query

reads a bit of data from the recording
detect frame format (MarklV, VLBA, Mark5B, VDIF)

« mostly by looking for the magic bit pattern (syncword)
* VDIF done heuristically so may #FAIL
detect recorded data rate
detect if data is missing
« decode time stamp at begin and end of scan
* ((teng - thegin) * data_rate) - recording_length
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The scan_check®? query

2015.297.11:15:11.10; !'scan _check? 0 : ? :
: VDIF : 32 :
2015y297d11h02m01.1389s : 780.786s :
16Mbps « 0 @ 8032 ;

» detected data type

« start time

* length

- data rate

« format specific information
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file check?®

Data often found in regular file(s) on disk

* the scan check? equivalent for files
« order of arguments odd but consistent with scan check?

scan check? [<strict>] : [<# bytes to read>] ;
file check? [<strict>] : [<# bytes to read>] : <file name> ;
<strict> optional, “0” or “1”

<# bytes to read> optional — for high data rates 1TMB of data may not be enough

<file name> the file to check

This is a jivebab specific feature



How do these work?

scan checkand file check assume nothing

« search for series of Oxffffffff in data
* MarklV or VLBA sync word
« amount indicates number of tracks
« data rate from decoding successive time stamps d
« search for OxABADDEED
« MarkdB sync word
« data rate from decoding successive time stamps, or
 find maximum frame number:
« data rate = frames/second * 10,000 bytes / frame
* try do decode as if it is a VDIF stream:
« some properties remain constant between successive
HEINES
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How do these work?

In theory can Do It Yourself ...

Use a hexadecimal view of the data file:
S> od -t x4 -v —-Ax <file> | less

From od (2):
—t x4 interpret data as 32 bit, print hex:
syncwords show up, easy to search
- verbose, print all lines, otherwise output is compressed
~AX print addresses in hexadecimal (check correct frame size)
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The scan_check®? query

jiveb5ab should recognize

all VLBI formats
on all recording systems
in all recording formats
including Mk6, FlexBuff (auto-detect)

“send mail here if you think it doesn’t
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Recording hardware v/
Data transfer

Data access

Data management
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Inside jivesab

@ PCI bus @

MarkS system




Inside jivesab

@ PCI bus @

MarkS system




Inside jivesab

MarkS system




o disk2net, disk2out, disk2file,
* in2net, in2disk, in2fork, in2file

 net2out, net2disk, net2file, net2check,
net2sfxc,

* fill2net, fill2file, fill2out

+ spill2net, spid2net, spin2net, spin2file,
splet2net, splet2file

« spill2file, spid2file, spif2file, spif2net
* file2check, file2mem
* In2mem, in2Zmemfork, memz2net
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Why
connectivity
IS

Important
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I nterferometry
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V ery
L ong
B aseline

I nterferometry

correlator science




V ery
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I nterferometry
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x ¥

The ExPr®s network

) ¢
JOINT INSTITUTE FOR VLBI IN EUROPE

Jodrell Bank

Arecib

s Harteesthoek
- Parkes

Network status as per 2008-05-02. Image created by Paul Boven <boven@jive.nl>. Satellite image: Blue Marble Next Generation, courtesy of Nasa Visible Earth (visibleearth.nasa.gov).
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| EH y 7/ 4

Paket. Express. Kurier. Tel; 0800 22 55 345  www.dhl.com

Shipping lumps of metal across the globe

* expensive

« damages disks (= science data loss!)

 introduces long delay

 for very large data sets maybe still the only option

 many stations now well connected to The Internet
 jf connected, then usually > 1Gbps!
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e-Shipping

Concept is simple:

 move data files to correlator via the internet
e ftp, scp

* theory ...

That perky practice again!
 large data files: 109 — 102 bytes! (GB — TB)
* scp: en- and decrypting noise — waste of CPU time
« TCP/IP protocol basically dies on long distances
 transfer speed deteriorates within a few MB, then halts
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e-Shipping

Standard tools/protocols

do not work




e-Shipping

Use non-standard network protocols:

UDT, Tsunami

* both based on UDP/IP
« both outperform TCP/IP by factors of 80 — 100 on
iIntercontinental links
* no congestion control, so never slows down
« feature manual transmission rate control, if needed

« “TCP” like but now in user program, not O/S kernel
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Tsunami

Uses TCP control channel, UDP data channel
 ftp-like process: daemon + client
 firewall configuration (both TCP and UDP ports)

« TCP: initiate transfer, feedback on lost packets
« difficult to configure

* does not perform if misconfigured
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UDT

Uses UDP only
* just a protocol, no application
* implements TCP like connection over
connectionless medium
 UDP dumps packets on the network, no
guarantees!
* no configuration necessary:
* auto-tunes based on network conditions
 firewall configuration simpler for just the protocol ...
* ... but you need an application too
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mocopy (a.k.a. e-shipping)

$> mS5copy [-h] [-udt] [-m MTU] SRC DST
e “copy VLBI data from somewhere to elsewhere”
e requires jivebab running at SRC and DST

SRC, DST are url-like data locations
e mk5://.../rk052_ys no0001
e file://.../path/to/file
e mko6://.../eht_ef no0230

Supports

e TCP (local network), UDT (international, >> TCP!)

e wildcards on scan names, local file names, recordings
e list of scan numbers: 1-10,16,17

 FlexBuff recording syncing
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jivedab VSI/S commands

$> mScopy mk5://... file://...
Progress |===> | 110MB/s 53.1%

mb5copy (a.k.a. e-shipping)
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mb5copy capabilities

Copy FlexBuff or Mark6 recordings anywhere:

To local or remote file:
$> mbcopy vbs://.../ file://[host.ip]/path/

$> mbScopy mk6://.../ file://[host.ip]/path/

To remote Mark5:
$> m5copy vbs://.../ mk5://host.ip/path/
$> mScopy mk6://.../ mk5://host.ip/path/

.. etc ...
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Disk

shipping
less
operation







FlexBuff advantages

Independent of FlexBuff layout at station or
correlator

vbs = vbs transfers are a sync operation
e only missing bits are transferred

mb5copy (a.k.a. e-shipping)
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Station Correlator

/mnt/disk0/eg053/
/mnt/disk0/eg053/
/mnt/disk1/eg053/

eg053.00000001

£g053.00000006
j‘> g053.00000001

eg053.00000007
/mnt/disk2/eq053/

eg053.00000007

eg053.00000002 /mnt/disk2/eq053/
eg053.00000005 69053 00000002

Il

/mnt/disk3/eg053/

eg053.00000003

eg053.00000004

eg053.00000004

mb5copy (a.k.a. e-shipping)
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Recording hardware v/
Data transfer V4
Data access

Data management




Easy
access

to your
VLBI data




Mark5b

Mark5 system
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Mark5bs

Data access problems on Marka5:

« format on disk is proprietary”

* no vendor support® for accessing as regular files
* there is no such notion as ‘files’
« disks are seen as a sequence of bytes

« user application tracks recording boundaries
« OH NOES!

(*) The Mark5 system is built + sold by Conduant Corporation, Boulder CO, USA



Mark5b

DirList.py program
list directory of scans on Mark5 disk pack

jops@ccsbeta:~$ DirList.py —-a 10.88.0.50
nscans 910, recpnt 38448131885744, VSN <OSOD+135/48000/1024>

n' scan name start byte end byte
1 £15ml o8 no0O001 0 19267804160
2 £15ml 08 no0002 19267804160 34680392896
3 £15ml 08 no0003 34680392896 57805468672
4 £15ml o8 no0004 57805468672 88639288576
5 £15ml 08 no0005 88639288576 119475084352
6 £15ml o8 no0006 119475084352 150311354016
7 £15ml o8 no0007 150311354016 181134748384
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FlexBuff

/mnt/diskO/eg053/

eg053.00000000

Il

eg053.00000006

/mnt/disk1/eg053/
eg053.00000001

eg053.00000007

/mnt/disk2/eqg053/
eg053.00000002

Il

eg053.00000005

/mnt/disk3/eg053/

eg053.00000003

eg053.00000004
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FlexBuff

/mnt/diskO/egd53/

€g053.00052000

eg053.00000006

/mnt/disk1/az053/

€g053.00000001

Data scattered across disks!
/mnt/disk2/€5055/

eg053.00000002

eg053.00000" 35

/mnt/disk3/Et053/
eg053.00000003

€g053.00000004
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Marko

/mnt/disks/0/0/eg053 no0001
/mnt/disks/0/1/eg053 _no0001

/mnt/disks/2/3/eg053 no0001
/mnt/disks/2/4/eg053 _no0001

/mnt/disks/3/7/eg053 no0001



Marko

/mnt/disks/0/0/eg053 noO001
/mnt/disks/0/1/e§053 no0001

/mnt/disks/2/3/e6652—mal00]
/mnt/disks/2/4/@e.e-59:nﬁo‘0W Data scattered across disks!

/mnt/disks/3/7/eg053 no000
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File System in User Space

FUSE project
https://github.com/libfuse/libfuse

 allows implementation of virtual file systems
* sshfs: remote file system over ssh
 ntfs:access Windows file system from Linux
« can be overlaid over real file system
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File System in User Space
Specifically for VLBI:

« fuseMkbA: present Markb recording as single file
* vbs fs: present FlexBuff/Mark6 scattered data as single file

Typical usage:

$> mkdir /path/to/mountpoint
$> fuseMk5A [options] /path/to/mountpoint
$> vbs fs [options] /path/to/mountpoint

$> 1s -1 /path/to/mountpoint

total O

-rwxrwxrwx 0 root root 2692300800 Aug 31 09:05 EXP STN tvgl024
-rwxrwxrwx 0 root root 2820505600 Aug 31 09:06 EXP STN tvgl024a
-rwxrwxrwx 0 root root 2307686400 Aug 31 09:060 EXP STN tvgl024b
-rwxrwxrwx 0 root root 107888641544 Sep 14 21:31 £r024 hh no0001
-rwxrwxrwx 0 root root 107893157216 Sep 17 15:18 frO24:hh:noOOO7
-rwxrwxrwx 0 root root 37435801600 Oct 6 12:17 rglOb hh no0013
-rwxrwxrwx 0 root root 37467852800 Oct 6 12:21 rglOb hh no0014
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vbs fs

Optimized, multithreaded FUSE virtual file system
» reconstructs MIT Haystack Mark6 recordings as well as FlexBuff recordings,
transparently
« user, group, permissions, modification time reflect actual status of on-disk files
« 1/O scheduling done in vbs fs
» serving multiple files and/or multiple users guaranteed optimal

* vbs_ fs can be run multiple times but may degrade 1/O performance
depending on usage pattern
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verkout@flexbufl:$ find . -type £ -name haavee\* -exec 1ls -1h {} \;
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verkout@flexbufl:$ find . -type f -name haavee\* -exec 1ls -1h {} \;

—-rw-r--r-- 1 jops flexbuf 3.3G Jun 22 12:28 ./haavee m6 no0002

—-rw-r--r-- 1 jops flexbuf 2.7G Jun 22 12:27 ./haavee m6 no0001

—-rw-r--r-- 1 jops flexbuf 256M Jun 22 12:26 ./haavee vbs no000l/haavee vbs no0001.00000007
-rw-r--r-- 1 jops flexbuf 256M Jun 22 12:26 ./haavee vbs no000l1/haavee vbs no0001.00000019
—-rw-r--r-— 1 jops flexbuf 256M Jun 22 12:26 ./haavee vbs no000l/haavee vbs no0001.00000013
-rw-r--r-- 1 jops flexbuf 256M Jun 22 12:26 ./haavee vbs no000l/haavee vbs no0001.00000025
-rw-r--r-- 1 jops flexbuf 256M Jun 22 12:27 ./haavee:Vbs:noOOOl/haavee:Vbs:n00001.00000031
—-rw-r--r-- 1 jops flexbuf 256M Jun 22 12:26 ./haavee vbs no000l/haavee vbs no0001.00000001
-rw-r--r-— 1 jops flexbuf 256M Jun 22 12:27 ./haavee vbs no000l1/haavee vbs no0001.00000049
-rw-r--r-- 1 jops flexbuf 256M Jun 22 12:27 ./haavee vbs no0001/haavee vbs no0001.00000043
~rw-r--r-- 1 jops flexbuf 256M Jun 22 12:27 ./haavee vbs no0001/haavee vbs no0001.00000037
—-rw-r--r-— 1 jops flexbuf 256M Jun 22 12:27 ./haavee vbs no0OOla/haavee vbs no0001a.00000037
-rw-r--r-— 1 jops flexbuf 256M Jun 22 12:27 ./haavee vbs no00OOla/haavee vbs no0001a.00000001
-rw-r--r-- 1 jops flexbuf 256M Jun 22 12:27 ./haavee vbs no000la/haavee vbs no0001a.00000031
~rw-r--r-- 1 jops flexbuf 256M Jun 22 12:27 ./haavee vbs no000la/haavee vbs no0001a.00000025
—-rw-r--r-— 1 jops flexbuf 256M Jun 22 12:27 ./haavee vbs no0OOla/haavee vbs no0001a.00000019
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verkout@flexbufl:$ find . -type f -name haavee\* -exec 1ls -1h {} \;

-rw-r--r-- 1 jops flexbuf 3.3G Jun 22 12:28 ./haavee_mé6 no0002

-rw-r--r-- 1 jops flexbuf 2.7G Jun 22 12:27 ./haavee m6 no0001

-rw-r--r-- 1 jops flexbuf 256M Jun 22 12:26 ./haavee vbs no000l/haavee vbs no0001.00000007
-rw-r—--r-- 1 jops flexbuf 256M Jun 22 12:26 ./haavee vbs no0001l/haavee vbs no0001.00000019
~rw-r--r-- 1 jops flexbuf 256M Jun 22 12:26 ./haavee vbs no0001/haavee vbs no0001.00000013
-rw-r--r-—- 1 jops flexbuf 256M Jun 22 12:26 ./haavee vbs no0001/haavee vbs no0001.00000025
~rw-r--r-- 1 jops flexbuf 256M Jun 22 12:27 ./haavee vbs no0001l/haavee vbs no0001.00000031
~rw-r--r-- 1 jops flexbuf 256M Jun 22 12:26 ./haavee vbs no0001/haavee vbs no0001.00000001
-rw-r—--r-- 1 jops flexbuf 256M Jun 22 12:27 ./haavee vbs no0001l/haavee vbs no0001.00000049
~rw-r--r-- 1 jops flexbuf 256M Jun 22 12:27 ./haavee vbs no000l/haavee vbs no0001.00000043
-rw-r--r-- 1 jops flexbuf 256M Jun 22 12:27 ./haavee:vbsinoOOOl/haavee:vbsinoOOOl.00000037
-rw-r--r-- 1 jops flexbuf 256M Jun 22 12:27 ./haavee vbs no00OOla/haavee vbs no0001a.00000037
-rw-r—--r-- 1 jops flexbuf 256M Jun 22 12:27 ./haavee vbs no000la/haavee vbs no0001a.00000001
—rw-r--r-—- 1 jops flexbuf 256M Jun 22 12:27 ./haavee vbs no000la/haavee vbs no000la.00000031
—-rw-r--r-- 1 jops flexbuf 256M Jun 22 12:27 ./haavee:vbsinoOOOla/haavee:vbs:noOOOla.00000025
-rw-r--r-— 1 jops flexbuf 256M Jun 22 12:27 ./haavee vbs no0OOla/haavee vbs no0001a.00000019
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verkout@flexbufl:$ find . -type f -name haavee\* -exec 1ls -1h {} \;

—-rw-r--r-— 1 jops flexbuf 3.3G Jun 22 12:28 ./haavee m6 no0002

-rw-r--r-- 1 jops flexbuf 2.7G Jun 22 12:27 ./haavee m6 no0001

-rw-r--r-- 1 jops flexbuf 256M Jun 22 12:26 ./haavee_vbs no000l/haavee_vbs no0001.00000007
-rw-r--r-- 1 jops flexbuf 256M Jun 22 12:26 ./haavee_vbs no000l/haavee_vbs no0001.00000019
-rw-r--r-- 1 jops flexbuf 256M Jun 22 12:26 ./haavee_vbs no000l/haavee vbs no0001.00000013
-rw-r--r-- 1 jops flexbuf 256M Jun 22 12:26 ./haavee vbs no000l/haavee vbs no0001.00000025
-rw-r--r-- 1 jops flexbuf 256M Jun 22 12:27 ./haavee vbs no000l/haavee vbs no0001.00000031
—rw-r--r-- 1 jops flexbuf 256M Jun 22 12:26 ./haavee vbs no0001/haavee vbs no0001.00000001
-rw-r--r-—- 1 jops flexbuf 256M Jun 22 12:27 ./haavee vbs no0001/haavee vbs no0001.00000049
~rw-r--r-- 1 jops flexbuf 256M Jun 22 12:27 ./haavee vbs no000l/haavee vbs no0001.00000043
-rw-r--r-—- 1 jops flexbuf 256M Jun 22 12:27 ./haavee:vbsinoOOOl/haavee:vbs:noOOOl.OOOOOO37
-rw-r--r-- 1 jops flexbuf 256M Jun 22 12:27 ./haavee vbs no00OOla/haavee vbs no0001a.00000037
-rw-r--r-— 1 jops flexbuf 256M Jun 22 12:27 ./haavee vbs no0O0Ola/haavee vbs no0001a.00000001
~rw-r--r-- 1 jops flexbuf 256M Jun 22 12:27 ./haavee vbs no000la/haavee vbs no000la.00000031
-rw-r--r-—- 1 jops flexbuf 256M Jun 22 12:27 ./haaveeivbsino@OOla/haavee:vbs:noOOOla.OOOOOO25
-rw-r--r-— 1 jops flexbuf 256M Jun 22 12:27 ./haavee vbs no0OOla/haavee vbs no0001a.00000019
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# create mount point
verkoutldflexbufl:~S mkdir /tmp/foo

# mount virtual file system on /tmp/foo
verkout@flexbufl:~5 vbs fs /tmp/foo
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# create mount point
verkoutldflexbufl:~S mkdir /tmp/foo

# mount virtual file system on /tmp/foo
verkout@flexbufl:~5 vbs fs /tmp/foo

# see what vbs fs indexed

verkout@flexbufl:~5 1s —-alh /tmp/foo/haavee¥*

—-rw-r--r-- 0 jops flexbuf 16G Jun 22 12:27 /tmp/foo/haavee mé6 no0001
-rw-r--r-- 0 jops flexbuf 20G Jun 22 12:28 /tmp/foo/haavee m6 no0002
—-rw-r—-r-— 0 jops flexbuf 13G Jun 22 12:27 /tmp/foo/haavee vbs no0001
—-rw-r--r-— 0 Jjops flexbuf 9.8G Jun 22 12:27 /tmp/foo/haavee vbs no000la
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# read back Marke formatted recording using dd (1)
$> dd if=/tmp/foo/haavee m6 no0002 of=/dev/null

20981685600 bytes (21 GB) copied, 15.3883 s, 1.4 GB/s

# read back FlexBuff formatted recording using dd (1)
$> dd if=/tmp/foo/haavee vbs no0001 of=/dev/null

13689999360 bytes (14 GB) copied, 9.72679 s, 1.4 GB/s
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vbs_fs tuning options

$> vbs fs ... —n <read-ahead> ...

* Allows for balancing memory usage vs |/O throughput

« or balancing random access vs serial access
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vbs_fs tuning options

$> vbs fs ... --quick
* Only scan for recording names, no size
« full index is expensive

« Arecording will be indexed on first open
 touch (1) is a simple way to trigger indexing

« Useful if already known which scan is needed
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Recording hardware v/
Data transfer V4
Data access /
Data management




Marks FB/Mark6

« uses HDD but is tape « ordinary files/directories on
disk
« erase all or nothing
* no direct access to disk « simple access to data
* remove by scan or experiment
e cannot optimize disk space or age or ...
management

* possibly scattered over many
disks (=32 HDDs)
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Scattered data
IS

a bugger to deal with




vbs_ls, vbs_rm

Modelled after their illustrious UNIX command line
equivalents 1s (1) and rm (1)
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vbs_ls, vbs_rm

Modelled after their illustrious UNIX command line
equivalents 1s (1) and rm (1)

« Python scripts
« 1list or remove Marke/FlexBuff recordings

« many familiar command line options

verkouter@)jive.eu



vbs Is

$> vbs 1s —-lrth haavee*
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vbs Is

$> vbs 1s —-lrth haavee*

Found 4 recordings in 90 chunks, 57.68G

drw-r—--r—-— Jjops flexbuf 12.75G Jun 22 10:27 haavee vbs no0001
drw-r--r—-- jops flexbuf 9.75G Jun 22 10:27 haavee vbs no000la
—rw-r——-r—-- JOpS flexbuf 15.64G Jun 22 10:27 haavee m6 noO001
—rw-r——-r—-- JOpS flexbuf 19.54G Jun 22 10:28 haavee m6 no0002
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vbs_1s specific option

$> vbs 1s ... =T ... <pattern> [<pattern>]
“accumulate by <pattern>"

$> vbs 1s -1Th emll7e* emll7f* eg088 ys*

Found 3 recordings 1in 13426 chunks, 3.11T

drw-r—--r—-- Jjops flexbuf 2.36T Aug 05 13:24 eg088 ys*
drw-r—--r—-- Jjops flexbuf 394.59G Jun 06 20:34 emll/e*
drw-r—--r—-- Jjops flexbuf 372.59G Jun 06 18:09 emll7/ft*
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vbs rm

$> vbs rm [-1] [-f] haavee*
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vbs rm

$> vbs rm [-1] [-f] haavee*

Only removes recognized files (Mark6/FlexBuff)

verkouter@)jive.eu



Recording hardware v/
Data transfer V4
Data access /
Data management




Thank you
{e]g

your
attention




Availability
http://www.jive.eu/~verkout/evlbi/
jive5ab “.deb” installation, source code

http://www.jive.eu/~verkout/flexbuff/
Flexbuff scripts and documentation

http://www. jive.eu/~verkout/evlbi/m5copy
http://www. jive.eu/~verkout/evlbi/DirList.py
http://www.jive.eu/~verkout/evlbi/SSErase.py

direct download links, always latest version

http://www. jive.eu/~verkout/evlbi/m5copy.html
http://www.jive.eu/~verkout/evlbi/changelog

changelogs of m5copy and jive5ab for inspection
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x LO A-to-D + Digital

(mixing)  Signal Processing formatting recording
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