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The Objectives

IVS Rapid Sessions (R1) : The aim is timely distribution of post-correlation analysis
results, e.g. the group delay

To shorten the time-to-product: first steps were undertaken to make a real-time
copy of the 12m Warkworth (New Zealand) dish's data in real-time to Bonn

(Germany)

NOTE: This recording mode is in direct contrast to e-VLBI, where, if something goes awry with the real-
time transfer, science data is immediately lost. In this mode the recorded science data can always be

re-transferred at a later time.

Modify an R1's observing schedule : to insert commands to set-up and tear-down
the real-time transfer at both ends

This is made possible by software created at JIVE. The 'jivebab' software, produced
under the succesful EXPReS and NEXPReS projects
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The Experiment

On August 24th/25th R1709 was observed in this mode at 256 Mbps data rate.
The recorded data was transferred separately after the observation, to be able
to compare the real-time data with the recorded data.
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The Tool & The Glue : jivedab
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Modify FS prc and snp after drudg

snp file prc file

scan name=316-1830b,x4713,Ww, 60, 60 scan name=316-1830b,r4713,Ww, 60, 60
source=1144-379,114701.37,-381211.0,2000.0,neutral source=1144-379,114701.37,-381211.0,2000.0,neutral

ready disk ready disk

setupsx setupsx

| 2008 | ¢ aSR R R Sl etsetup

preob 12015.316.18:29:50

| 201550 | GRIsERSCIUER0T sy=mk5Scommand 198.116.24.178 46226 "net2file=close;"
disk pos sy=mk5command 198.116.24.178 46226

d 1 skiss c olige e "net2file=open:/rmt dir/r4713 Ww 316-1830b.mba,w"
d 1 shasasc o etstart

data valid=on precds

midob SRR | 8 : 30:00

1 201 SN . [NERNE DIRcRONE disk pos

data valid=off
disk TEEEE =i
disk pos

postob

ChE I SReEOr d=on
Sl | e ohatel

data valid=on
midob
ANRRSIE NG (8 :31:00
data valid=off

SRR e CcOord=off
etstop

disk pos

postob
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Modify FS prc and snp after drudg

prc file:

define etsetup 15309182515

"Setup SEND jivebab

sy=mkbScommand 156.62.231.188 2620 "runtime=thread02Z2;net protocol=udp:32000000:2000000;"
sy=mk5command 156.62.231.188 2620 "runtime=threadO0Z;mtu=1450;"

S IEEIEIICIN S IR MR REIE R A0 210 I | UThe LS BEREl2 s net port=46226; "
sy=mkbcommand 156.62.231.188 2620 "runtime=thread02;1pd=50;"

"Setup RECIEVE jivebab

S IS iSRRI SR R R RE ] 2 2 e et JoEeisoEEEERNicln : 32000000:2000000"
s s ilisicemn=neRNEciEm Ao, CUNT 8 4 6 2 FCENNEEE Mo eE A e

sy=mkS5command 198.116.24.178 46226 "mtu=1450"

enddef

define etstart w7 3 ORI NIOE =

sy=mk5command 156.62.231.188 2620 "runtime=thread02;memZ2net=disconnect;"
sy=mkbcommand 156.62.231.188 2620 "runtime=thread02;mem2net=connect:198.116.24.178;"
sy=mk5command 156.62.231.188 2620 "runtime=thread02;memZnet=on;"

sy=mk5command 198.116.24.178 46226 "evlbi?;"@!,20S

enddef

define etstop 15309183423x

s y=mk 5 comina n JEEIRSIERNIN RPN = IRV RS Y P omee oy ;

sy=mk5command 156.62.231.188 2620 "runtime=thread02;memZ2net=stop;"
sy=mk5command 198.116.24.178 46226 "evlbi?;"@

enddef
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Data Rates and Protocol

Data Rates and Protocol
IVS R1: Either 256Mbps or 512Mbps

VS R4: 256Mbps

At those data rates we can use UDT and make sure all data is delivered !
Don't need to stream with UDP
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MkS : Jivedab -b -m3
Data Store : jivedab -m3 -p xxxx

Advanced
Research
&
Education
Network

11001110 01110000 0100111 00000011 11110000 11111111 01010001 11100011
00000101 11101111 00001000 01001011 11011110 00010000 10010111 10111100
00100001 00101111 01111000 01000010 OI0N1I0 11110000 01000110 01111100
00001111 10110111 000000I1 L1110 1000001 00011100 01100100 11001100
00011011 11001111 11111110 11100011 11000001 00001011 11011011 01011101
11001010 11101111 10010010 10010101 11011111 00100100 00101001 00011010
01010011 00110000 01010100 01010011 11101100 01100111 10111010 01011001
01000011 11101111 000I0I11 11010111 0I00IOI1 10111010 00011111 11110000
10001100 10010110 00001010 00010000 10011000 00111011 00100000 11011100
00011010 01101101 00000011 11001100 11001100 11001110 01111001 01101101
10010100 10001101 01100001 01011010 01010010 10111011 10010101 11011100
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IVS-R1702 Real Time eTransfer Network Utilisation Ww 24/25 August, 2015
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Mk4/DiFX fourfit 3.11 rev 1142
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multiband delay (us)
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0

0.01 0.02

R1702 2015.236

0017+200.yiuram, 236-1810c, Tu
TSUKUB32 - WARK12M, fgroup S, pol RR

Fringe quality 0

SNR 3.8
Int time 3.297
Amp 3.558
o 9 Phase 42.0
bo) o
= S PFD  1.0e+00
= = Delays (us)
= c SBD 1.893650
o o MBD -0.003125
Fringe rate (Hz)
-0.146882
lon TEC 0.00
Ref freq (MHz)
o L L ] L L L 1 1 L n n L 1 L L 1 P L n L L 1 L n PR 1 1 L L L 1 L n L 1 1 n L 1 L 1 n J o 22259900
-0.2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15 0.2 AP (sec) 1.000
delay rate (ns/s) o '
T T T T ] f‘i EXp. R1702
w [ - Exper# 16383
9 o5 & I Yrday 2015:236
S F S¥ o Start 181122.00
= = . Stop 181126.00
= | E£o % FRT 181104.00
S - ! S 2 Corr/FF/build
| 0-2015:239:120314
ol N ! L o 2015:244:104646
-10 0 10 4 6 2015:156:114148
singleband delay (us) Avgd. Xpower Spectrum (MHz) RA & Dec (J2000)
00h19m37.8545s
Amp. and Phase vs. time for each freq., 4 segs, 1 APs/ seg (1.00 sec / seg.), time ticks 1 sec +20°21°45.645"
a b c d e f All °
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Bof . ’ . . : vV o Y 1o %
£ ) o]
o ¢ ° 13
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I 8
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U
WA T S S N A i
e F . : . . : . 5 = N “ o : . s E 8_
E E . . . . 43° T u
g . . 18
1 . 2 : 1 : : h . 1 1 !
2225.99 2245.99 2265.99 2295.99 2345.99 2365.99 Freq (MHz) All
65.9 31.0 19.6 18.5 -16.2 122.2 Phase 42.0
5.5 3.9 4.4 3.9 5.2 6.3 Ampl. 4.0
631.2 279.3 244.0 806.9 84.9 556.1 Sbd box 573.6
U/L 4/0 4/0 4/0 4/0 4/0 4/0 APs used
T 3010 3010 3010 3010 3010 3010 PC fregs
u 3010 3010 3010 3010 3010 3010 PC fregs
T:u 113:37 -130:78 11:109 -126:-154 86:123 100:150 PC phase
T 0:0 0:0 0:0 0:0 0:0 0:0 Manl PC
T 25 23 25 25 25 24 PC amp
u 0 0 0 0 0 0
SO00UR SO01UR S02UR SO03UR S04UR SO05UR Chan ids
T Tracks
SO00UR SO01UR S02UR SO03UR S04UR SO05UR Chan ids
u Tracks
Group delay (usec)(model) 1.46162934118E+04 Apriori delay (usec) 1.46162965368E+04 Resid mbdelay (usec) -3.12500E-03  +/- 8.3E-04
Sband delay (usec) 1.46181901868E+04 Apriori clock (usec) -3.3739853E+01 Resid sbdelay (usec) 1.89365E+00 +/-  1.8E-02
Phase delay (usec) 1.46162965892E +04 Apriori clockrate (us/s) -1.3730000E-06 Resid phdelay (usec) 5.24441E-05 +/- 3.8E-05
Delay rate (us/s) 5.48685469792E-01 Apriori rate (us/s) 5.48657392397E-01 Resid rate (us/s) 2.80774E-05 +/- 1.6E-05
Total phase (deg) 16.1 Apriori accel (us/s/s) -3.13899655341E-05 Resid phase (deg) 420  +/- 30.4
RMS  Theor. Amplitude 3.558 +/- 0.943 Pcal mode: NORMAL, NORMAL Pcal period (AP’s) 5, 5
ph/seg (deg) 48.7 30.4 Search (16X64) 4.520 Pcal rate: 1.383E-07, 9.420E-05 (us/s) sb window (us)  -16.000 16.000
amp/seg (%) 62.5 53.0 Interp. 0.000 Bits/sample: 1 SampCntNorm: disabled mb window (us)  -0.050 0.050
ph/frq (deg) 53.8 37.2 Inc. seg. avg. 4.583 Sample rate(MSamp/s): 16 dr window (ns/s) -0.225 0.225
amp/frq (%) 441 64.9 Inc. frg. avg. 4.013 Data rate(Mb/s): 96 nlags: 512 t_cohere infinite ion window (TEC) 0.00 0.00

T:az 233.9 el 66.4 pa 44.0
Control file: cf_1234

AU

u:az

308.2 el 13.2 pa 137.6

u,v (fr/asec) -87.016 229.470
Input file: /Exps/r1702/Fringes/1234.ww_test2/236-1810c//Tu..yiuram Output file: Suppressed by test mode

simultaneous interpolator

Mk4/DiFX fourfit 3.11 rev 1142

multiband delay (us)

0017+200.yjaspe, 236-1810c, Nu
NYALES20 - WARK12M, fgroup S, pol RR

—-0.04 —-0.03 -0.02 —0.01 0 0.01 0.02 ) )
— T T —r 1 —T— T Fringe quality 9
n [Te}
=y 1= SNR 10.0
Inttime 91.995
Amp 1.730
(%) ® Phase 48.8
o o
°_[ 1~ S PFD  2.0e-15
-+ -+
= = Delays (us)
e £ SBD' 1.997688
o . o © MBD  0.045220
=1 1o  Fringe rate (Hz)
A 0 " -0.002136
v \ lon TEC 0.00
\ V Ref freq (MHz)
ob— o L ——lo 2225.9900
-0.2 -0.15 —-0.1 —0.05 0 0.05 0.1 0.15 0.2 AP (sec) 1.000
delay rate (ns/s)
] AN Exp. R1702
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9 1 9 & 3 Yrday 2015:236
5 h 5 o Start 181048.00
= ] = IS RIS o , Stop 181220.00
£ 1 getiswilin Thiby 134t 8 FRT 181104.00
o] 1 S fardlel il S 2 Corr/FF/build
\ BiEE T | ©0-2015:244:102344
o E27, 8 2015:244:104456
-10 0 10 0 4 6 81 2015:156:114148
singleband delay (us) Avgd. Xpower Spectrum (MHz) RA & Dec (J2000)
00h19m37.8545s
Amp. and Phase vs. time for each freq., 31 segs, 3 APs / seg (3.00 sec / seg.), time ticks 5 sec +20°21'45.645"
a b c d e f All °
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L] 1 L] 3.. .n.' » .
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2225.99 2245.99 2265.99 2295.99 2345.99 2365.99 Freq (MHz) All
0.3 46.0 74.9 109.1 62.9 -14.9 Phase 48.8
2.3 2.4 2.4 2.2 2.4 2.0 Ampl. 2.2
577.5 576.5 576.8 577.6 577.2 577.2 Sbd box 576.9
U/L 92/0 92/0 92/0 92/0 92/0 92/0 APs used
N 3010 3010 3010 3010 3010 3010 PC fregs
u 3010 3010 3010 3010 3010 3010 PC fregs
N:u -42:0 -80:0 -144:0 -39:0 -48:0 -80:0 PC phase
N:u 0:0 0:0 0:0 0:0 0:0 0:0 Manl PC
N 50 46 38 30 39 43 PC amp
u 1000 1000 1000 1000 1000 1000
SO00UR S01UR S02UR S03UR S04UR S05UR Chan ids
N Tracks
SO00UR S01UR S02UR S03UR S04UR S05UR Chan ids
Tracks
Group delay (usec)(model) 1.22273259924E+03 Apriori delay (usec) 1.22268737964E+03 Resid mbdelay (usec) 4.52196E-02 +/- 3.1E-04
Sband delay (usec) 1.22468506764E+03 Apriori clock (usec) -5.9461723E+01 Resid sbdelay (usec) 1.99769E+00 +/- 6.9E-03
Phase delay (usec) 1.22268744053E+03 Apriori clockrate (us/s) -3.6880000E-06 Resid phdelay (usec) 6.08885E-05 +/- 1.4E-05
Delay rate (us/s) 1.22603665819E+00 Apriori rate (us/s) 1.22603760289E+00 Resid rate (us/s) -9.44700E-07 +/- 2.7E-07
Total phase (deg) 5.7 Apriori accel (us/s/s) 5.51885674904E-05 Resid phase (deg) 48.8  +/- 1.4
RMS  Theor. Amplitude 1.730 +/- 0.172 Pcal mode: NORMAL, MANUAL Pcal period (AP’s) 5, 5
ph/seg (deg) 419 31.7 Search (256X64) 1.640 Pcal rate: -1.472E-08, 0.000E+00 (us/s) sb window (us) -16.000 16.000
amp/seg (%) 53.3 55.4 Interp. 0.000 Bits/sample: 1 SampCntNorm: disabled mb window (us) -0.050 0.050
ph/frq (deg) 52.3 14.0 Inc. seg. avg. 1.736 Sample rate(MSamp/s): 16 dr window (ns/s) -0.225 0.225
amp/frq (%) 33.1 24.4 Inc. frg. avg. 2.214 Data rate(Mb/s): 96 nlags: 512 t_cohere infinite ion window (TEC) 0.00 0.00

N:az 68.4 el 16.7 pa-11.0
Control file: cf_1234

u:az 308.2 el 13.2 pa 137.6
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u,v (fr/asec) -193.167 379.473
Input file: /Exps/r1702/Fringes/1234.ww_test3/236-1810c//Nu..yjaspe Output file: Suppressed by test mode

simultaneous interpolator
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The Experiment

The 'fourfit' program was run on correlations with both data sets and found the
same group delay of 120ps.
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More Recent Tests

Mayoral Drive, Auckland (MDR) to AUT Warkworth - maxirmum total throughput

=

e

S 200 M

i3

R1712 .

| .

L 100 M

i

(W] 0 I -

Tue 12:00 Wad 00:00

B Mayoral Drive, Auckland (MDR) -= AUT Warkworth Max 12423963bps
B AUT Warkworth -= Mayoral Drive, Auckland (MDR) Max 240675850bps

Mayaoral Drive, Auckland (MDR) to AUT Warkworth - maximurm total throughpuat

=

c

S 200M

i3

i

.

R1713 o 100M
£
m 5 L,
Wed 12:00 Thu 00:00

B Mayoral Drive, Auckland (MDR) -= AUT Warkworth Max 8902945bps
B 20T Warkworth -= Mayoral Drive, Auckland (MDR) Max 238526843bps
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R4712:

Compare “evlbi?” between WACO & Bonn

Wark12m - > WACO

201 5- Nk 6 SMEESGICRRSIRES I8 R cpiltvmth cralibni e () total 2818163 1CEE Sy 0.005%) out-of-order : 0 ( 0.00%) extent Osegnr/pkt ;
20150 6 SEENRISSSHARS TR c ity aaie sl otz () total 2 USSR vl loss B 0.00%) out-of-order : 0 ( 0.00%) : extent Oseqgnr/pkt ;
20155000 6 SESSERSIEINE IRINR o Pl e wallosbeRA) total 2091643 loss i 0.00%) out-of-order : 0 ( 0.00%) : extent Osegnr/pkt ;
2015=HNEN0 6 WSS IESIENESOk: SR o)1 e SR AR oM A () (@s i IS /249,00 loss g (0. 00%) out-of-order : 0 ( 0.00%) : extent Osegnr/pkt ;
2015-11-06 17:26:43.40: Reply: l!evlbi? 0 c@iEall 5187169 o oSS N0 . 00%) out-of-order : 0 ( 0.00%) : extent : Osegnr/pkt ;
2015-1NEa0 6 WEASSHIRNC NSRRI o) iy = A Frllh o e ) total 1723880 loss : 0O ( 0.00%) out-of-order : 0 ( 0.00%) : extent Osean/pkt ;
*Packet Loss minimal to WACO, udp and udt
Can jumbo frames to WACO
R1713: Wark12m - > Bonn
2015-11-10 ToREaENa0 O . \CEESENETE SN g s N e i S 846256 loss 5744 ( 0.67%) : out-of-order : 0O ( 0.00%) : extent Osegnr/pkt ;
2015-11-10 1T ohEIGEE0 . 7 R el GaNE RSt B R o 841422 loss 11998 ( 1.41%) : out-of-order : O ( 0.00%) : extent Osegnr/pkt ;
2015-11-10 1ToToiNasii 5O NEEEEHE SR i DI e o1 TG Loss 8090 ( 0.25%) : out-of-order : 0O ( 0.00%) : extent Osegnr/pkt ;
2015-11-10 1o:530Z0RN0" : T SHE NN EE T e 851886 loss 1534 ( 0.18%) : out-of-order : 0 ( 0.00%) : extent Osegnr/pkt ;
2015-11-10 16:55 29 RCEAE S N IR bt 739486 loss 1754 ( 0.24%) : out-of-order : O ( 0.00%) : extent Osegnr/pkt ;
2015-11-10 16:58: 26 SCIEER < IR S 1504359 loss 7941 ( 0.53%) : out-of-order : 0 ( 0.00%) : extent Oseqgnr/pkt ;

*Packet Loss even with udt to Bonn ?
*Packet Loss 3-5% with udp to Bonn
Can't jumbo frames to Bonn highest mtu=1490
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Issues & Feature's

DiFX

Jumps 2 mins if bad frames, we might then only get a few sec's and a fringe
quality of O

Well an IVS scan can be < 2 mins, anywhere from 1 — 7 mins

Directory2filelist:

/data3/rl/warkworth/r1713/r1713 ww 314-1510.mba 57336.632234 57336.634583

Warning: found corrupt data frames in file /data3/rl/warkworth/r1713/rl1713 ww 314-1516.mba
/data3/xl/warkworth/r1713/xr1713 ww 314-1516.mbha 57336.636389 57336.638314
/data3/rl/warkworth/r1713/r1713 ww 314-1521.mba 57336.639803 57336.640881

/ dataS iRy o T dena= SRR VS AN I R N R R LGSR IO 5 (02 57336.644928

/datal/ T iVaRe r ke SaRvaie v e b e N N ENEE IR TSRS OG5 3 57336, 646875
/data3/rl/warkworth/rl713/r1713 ww 314-1533.mba 57336.648113 57336.648542

No problems reported during decoding - other than that the first frame is found at an
offset of 0x8a0 (=2208 bytes).

mbSspec — auto correlates fine
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Issues & Feature's

R1712
30 — 70% data loss and corrupted data

This is a 512 Mbps data rate session

LS00 2 OE 0

Amp. and Phase vs. time for each freq., 28 segs, 2 APs / seg (200 sec / seq.), time ticks 5 sec -22 00" 3.948"
q h i i ke | m g All o

8212.99 8252.99 835299 851294 8732.99 885290 8012.99 893299 Freg (MHz) Al

00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Phase 0.0

oe3.6 SO5T.0 G522 Dl 4 9047 4 054 3 o656 D51 .4 Ampl. 90501

1025.0 1025.0 10250 1025.0 1025.0 1025.0 1025.0 10250 Shod o 10250
L Savse S50 5810 S50 560 S50 S50 5656 APg used
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The International VLBI Service (IVS) conducts bi-weekly global geodetic VLBI observations (simultaneous S and X band) to measure
the earth orientation parameters (EOPs). The recorded data of the Monday rapid sessions (R1) are uploaded to Bonn (*) for correlation
after the observations have finished. The aim is timely distribution of post-correlation analysis results, e.g. the group delay.

In an attempt to shorten the time-to-product, first steps were undertaken to make a real-time copy of the 12m Warkworth (New Zealand)
dish's data (see image), as it is being recorded on its Markd VLBI data recorder. The copy is transferred in real-time over high-speed
international research and education networks (REANNZ of New Zealand and GEANT in Europe) onto servers in Bonn (Germany). This
recording mode is in direct contrast to e-VLBI, where, if something goes awry with the real-time transfer, science data is immediately
lost. In this mode the recorded science data can always be re-transferred at a later time.

To support this mode a program to modify an R1's observing schedule was written. It inserts commands to set-up and tear-down the
real-time transfer at both ends (e.g. opening a file with the correct scan name in Bonn, configuring the network, starting to transmit when
the recording starts etc). Once modified the schedule runs autonomously.

On August 24th/25th R1709 was observed in this mode at 256 Mbps data rate (see network throughput plot). The recorded data was
transferred separately after the observation, to be able to compare the real-time data with the recorded data. The 'fourfit' program was
run on correlations with both data sets and found the same group delay of 120ps, see the attached plots.

This special observing mode, where a copy of the data a Mark5 recorder can be siphoned off and transferred in parallel, is made

possible by software created at JIVE. The 'jivebab' software, produced under the succesful EXPReS and NEXPReS projects(*™),

exploits functionality offered by the MIT Haystack Mark5 VLBI recorder hardware. Having its roots in e-VLBI it implements several
network protocols for real-time data transfer. In this case the UDT protocol was used: a reliable protocol over UDP/IPv4.
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