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When index dissemination goeswrong:
How fast can traders add and multiply?

Jayanth R. Varma (jrvarma@iimahd.ernet.in)

Abstract

This paper studies an episode of disseminationrohgvstock index values in real time
due to a software bug in the Indian Nifty indexifas market on the morning of January
18, 2006.

The episode provides an opportunity to test variouzdels of cognitive biases and
bounded rationality highlighted in behavioural fmze. The paper provides strong
evidence against cognitive biases like “anchoringdaadjustment” (Tversky and
Kahneman, 1974) that one might expect under suohtgins even though the cognitive
task involved is quite simple. The futures markatkied the true Nifty index which it
could not see while completely ignoring the wrorifyNndex that it could see.

However, the paper demonstrates that market efitgi¢ailed in more subtle ways. There
is evidence of a partial breakdown of price disagvin the futures markets and a
weakening of the bonds linking futures and cashketar

This evidence is consistent with the centralitynofrket devices” as argued in “actor

network theory” in economic sociology (Muniesa, IMiand Callon, 2007 and Preda,
2006). Well functioning markets today depend ailjcon a whole set of information and
communication technologies. Any failures in thesdenml, socio-technical aspects of
markets can make markets quite fragile even if bieliaal biases are largely absent.

! Professor, Indian Institute of Management, Ahmedalndia
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When index dissemination goes wrong:
How fast can traders add and multiply®?

Jayanth R. Varma (jrvarma@iimahd.ernet.in)
The wrong dissemination episode of January 18, 2006

As part of a settlement process mutually agreech ugfter a year-long ownership
dispute between the Ambani brothers, a demergemsetwas carried out in 2006 to
hive off the interests of Reliance Industries Lixitin power, telecom and finance to
a new group started by the younger brother Anil AmbAfter demerger, Reliance
Industries under Mukesh Ambani, the elder brothvas focused on petrochemicals,
refinery and oil and gas exploration. Reliance btdes Limited was part of the Nifty

index which is the dominant index in India’s indexures market.

On January 18, 2006, the National Stock ExchandggE{Norganized an hour-long

special trading session between 8 am and 9 am Ite whe demerged Reliance
Industries. Based on the price discovered in ffexial session, adjustments were
suitably carried out to the base index value to mate the index value so as to give
effect to the demerger. The market then openg@iasormal market timings.

The NSE describes what happened thereafter asvil(ldational Stock Exchange,
2006):

“The market opened and the correct adjusted indéxevof NIFTY was also
displayed to the market at the opening trade. Thigity of NIFTY index
computation was closely monitored after market ameand it was seen that
the first few NIFTY index values were computed eotly taking into account
the adjusted base index value. However once tbietfade in Reliance
Industries Ltd. was executed, it was observedtt@NIFTY Index reflected
incorrect value. The problem was analysed and fabaddue to memory
initialization failure the last traded price beirggkoned for index computation
purpose was carrying an incorrect value. This teduh a wrong NIFTY
index value being displayed. The problem was ifiedtiand changes were
carried out to reflect the correct value of the NYFRndex. The NIFTY index
dissemination was stopped at 10.30 am and theatatisplay of NIFTY

index value was made available to the market frortb@ am onwards. The
other indices remained unaffected.”

The NSE went on to assert: “The prices of NIFTY tcacts continued to be at
market during the period when the NIFTY ixdevalue was incorrectly
disseminated as can be seen from the graph enclosed

% The second part of the title is inspired by secdd.3 on “How fast can we multiply?” in
Donald Knuth’s celebrated book:nuth, D. E. (1998) The Art of Computer Programming,
Volume 2: Seminumerical Algorithm&ddison Wesley.
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Figure 1. Graph of wrongly disseminated Nifty | ndex values and Futures prices
published by NSE to support its claim that the prices of Nifty futures contracts
continued to be at market when the Nifty index valuewasincorrectly
disseminated.

The graph does provide tentative support for tharcthat the wrong index values did
not fool the market. But a graph is useless forrgyrous analysis of what happened
in the interconnected market for cash equitiesiadelx futures.

Data and sampling

To carry out a proper econometric analysis, | wdrkéth intra-day (tick by tick)
values of the Nifty index and futures contract agted from the data disks published
by the NSE. | was not able to obtain the data om whong values that were
disseminated on January 18, 2006: the NSE stateah iamail that the wrong data
does not appear to have been stored. | obtainees/#or this series by digitiziig
the graph in Figure 1.

® | used the open source Engauge Digitizer availabletp://digitizer.sourgeforge.net

]
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For the purpose of econometric analysis, all tmeetiseries were sampled at a
frequency of one minute by averaging the valuesndueach minute. The resulting
data for all the three series obtained from thegesources is plotted in Figure 2. The
intra-minute spikes in the wrong Nifty around 9&% and 10:00 am in Figure 1 are
reduced by one-minute averaging (though the dagitbn process itself preserved
these spikes). Apart from these intra-minute spikles plot of the wrong Nifty in
Figure 2 closely follows the plot of the same senreFigure 1.

17 Jan 2006 18 Jan 2006
2860 -
2840 -
2820 -
(O]
=
©
>
B 2800 - — Futures
) |
= Nifty
TR — Wrong
>
& 2780 -
=z
2760 -
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Time (hours)
Figure 2: Futuresprice, Nifty index valueson 17 and 18 January and wrong
index values disseminated on 18 January. The plot isbased on data sampled (by
aver aging) at one minute freguency.

What happened in the first one minute?

Before turning to the econometrics using sampldd,dais useful to look at the full
tick by tick data during the first one minute ohding on January 18, 2006. In the
space of about half a minute, the disseminated gvidiity plummeted almost 90
points from its opening level of around 2829 to tingt minute low of around 2742.
During this period, the difference between the oped the first minute low for the

]
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true Nifty and the futures price was well below dasth of the drop in the wrong
Nifty —a mere 5 or 6 points.

Instrument| No of Open High Low Close Mean
trades

True Nifty 1428 | 2816.00 2839.85 2809.90 2812.35 17281

Nifty

futures 609 |2770.00 2781.00 2765.25 2769.002769.47

This implies that there was probably not even glsitrade of the Nifty futures that
was swayed by the wrong Nifty values. For a comtvath a traded value of Rs 899
million during this first minute at an average @ ttades a second, this is surprisingly
strong evidence in favour of market efficiency.

It is difficult to believe that the market took gra fraction of a second to figure out
that the disseminated Nifty values were wrongsltriore plausible that the market
took a few seconds to figure this out, but in theemce of algorithmic high frequency
trading in the Indian market at that time, it wouldve taken several seconds for
traders to place new orders into the system. Withese few seconds, they might
have figured out the error.

Thefirst five minutes

| watched archival videos of the live commentarytlo@ market from one of India’s
leading business channels — CNBC TV18 - to getttebenderstanding of what
happened in the first five minutes of trading.

Just before trading began in the Indian marketslamuary 18, 2006, the channel
presented news from other Asian markets. Japanké@Nikwas down 3.26%,
Singapore (Strait Times) was down 0.72%, Korea (RSvas down 3.74% and
Taiwan was down 3.19%. As the ancheaid “I don’t want to spook you early in the
morning, but that is reality staring at you. Asiaarkets are taking it in the neck.”
The Indian market was also expected to open lolugrosses were expected to be
much lower than in the exporting powerhouses oft Basa. There were also some
good corporate results to perk up the market.

It is common for the Indian market to move sigrafily at the open in response to
overnight news flow from the US and from Asian nesk The standard deviation of
price changes at the open (from the previous daldse) during the one year
preceding January 18, 2006 was 0.24%. This wasfdd/idny the standard deviation
of 1.04% for price changes from the open to theesalay’s close. For another
comparison, on the previous day (January 17, 2066)standard deviation of price
changes during one minute of trading was 0.04%.

At the opening bell at 9:55 am on January 18, 2@0é, prices of actively traded
stocks started flashing across the screen on CNBLBTAbout half a minute after

* The anchor was Mr. Udayan Mukherjee, Managingdgdif CNBC-TV18.
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the opening bell, the indices started appearintherscreen. First up was the 30 share
BSE Sensex which like the Dow Jones Index in thedd@idely followed though it is
not the index on which the main derivative markdbased.

The screen shows “Sensex 9293.¥20.33 -0.22%” and the anchor explains the
action: “Sensex has opened 20 odd points down. 8amgetells me it should have
fallen more.” Next comes the Nifty; the screen wgbo “Nifty 2757.60

¥ 71.50 -2.53%.” The anchor is shocked: “Nifty habiefa 71 points at 2757. Two
and a half percent! What is happening there? Tiseaadisconnect there for sure.”

The channel then turns to some of the leading st@eclost are down modestly) and
then to the Sensex which by now has slipped 42tpoirhe screen shows “Sensex
9271.51V¥42.62 -0.46%.” It is now almost one minute aftex tpening bell, and the
anchor returns to the unexplained fall in the Nifty

“What could have knocked off? Is it an error inczddtion? | imagine it is.
Because Nifty has fallen 80 points, that is threent while Sensex is down
half a percent, and nothing seems to have collagrsgdnuch for the Nifty. |
don’'t know. Reliance is at 708, that has not faermuch and it is adjusted. So
it would not have affected the index. Is it a wraradculation on the screen out
here? The Sensex is down 41, that is more likenitl the Nifty is showing you
87 points down. | imagine that could be a bit ofearor out there in calculation.”

The anchor then points out that a few stocks halerf a couple of percentage points,
but there is nothing to suggest a 3% fall in thaei About one and a half minutes
after the opening bell (or about a minute afterfits¢ Nifty quote appeared on the TV
screen) the anchor concludes: “I don’'t know whdtappening there.”

During the next half a minute, the anchor keepsicgrback to the Nifty problem:

“Still intrigued by the three percent fall in thefty. | don’t know whether the
wires are making some kind of error or is this aogrirom the exchanges. We
will run a check on that very soon and tell you.”

“There is nothing in the Nifty to suggest a threegent fall unless they are
calculating the entire Reliance fall and that iigg translated into the Nifty
which is a possibility and which would be an eiirothis case, but | am not too
sure about that. We will get a check going.”

About three minutes and twenty seconds after theniog bell, the channel starts
flashing its estimate of the Nifty (2829.10) on thereen. During the space of one
minute, the channel flashes this “alert” four timeish the same value of 2829.10.
Clearly, the channel has been able to make sonte diirtomputation of the Nifty
index, but has not been able to keep updatingitgpeitation in real time.

Nearly five minutes after the opening bell, themrcwarns the viewers not to go by
the official Nifty numbers: “But the Nifty is notadvn too much. In fact, the current
rate is closer to 2830 — 2820 types and not th@ 274t you see on the screen at all.”
The anchor’s caution in giving a range instead sfrgle number is very prudent —
according to the corrected index published lateth@yexchange, the correct value of
the Nifty at that time was closer to 2810.

B ]
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About five and a half minutes after the openind,libe channel interviews a trader
who says that on his trading screen also both fftg Ahd the Defty (the US dollar

version of the Nifty) are showing the wrong numbearsd conjectures that the
calculation mistake is related to the Reliance dgere

After that, CNBC TV-18 chose to focus on the Sengalxe as the indicator of the
broader market, and more or less ignored the Nifigrt from an occasional flash
about a calculation error in the Nifty. Those tragdiNifty futures of course did not
have the option of ignoring the Nifty in this manne

What determined futures prices on the 18" morning?

| have already presented the analysis based orbyidick data to show thkevel of
the wrong Nifty index had no impact on the mark#e now ask whether the market
did look at thechanges in the disseminated Nifty rather than its absolatel| after
figuring out that the level of the disseminatedtiNifas wrong.

Using the minute-by minute dafd regress the Nifty futures retufrsn returns in the
wrong Nifty and returns in the true Nifty to obtdire following result:

Table 1. Regression of Futuresreturnson wrong Nifty returnsand true Nifty
returnsduring the period when true Nifty was not available. The market
appear sto track the true Nifty which it could not see while ignoring the wrong
Nifty that it could see.

Variable Coefficient Std. Error t value Pr(>t|
Constant 3.875e-05 6.158e-05 0.629 0.532
True Nifty Returns 7.163e-01 7.800e-02 9.183 563 g- ***
Wrong Nifty Returns -6.048e-02 5.955e-()2 -1.016 10.3
R-squared: 0.6079, F-statistic: 45.74 on 2 and B9 p-value: 1.009e-12

Clearly, the futures returns are strongly relatedhe returns on the true Nifty — the
coefficient value of 0.7163 is economically quitede (not that far from unity) and
the t-statistic of 9.183 is highly significant. Hewver the futures market completely
ignored what was happening to the disseminated n@rdNifty values — the
coefficient value of -0.0605 is of the wrong sigsm.economically quite small and is
also statistically insignificant.

This is a surprisingly strong finding in favour afarket efficiency. The futures
market appears to track the true Nifty which itldooot see while ignoring the wrong
Nifty that it could see.

® To avoid the results being distorted by the huggative return in the wrong Nifty at the
beginning of the day, | drop the first two minutéslata in all my analysis. This is simpler
and probably more effective than using a boundidence regression estimate.

® An additional reason for carrying out the regressising returns and not levels is that as
discussed later in the paper, | am not able tatréje hypothesis of a unit root in the futures
prices and in the index.

]
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Of course the regression tells us nothing aboudtteetion of causality:

» The futures market could have been estimatingrtleeNifty values without the
benefit of the real time feed.

* The cash market might have been following the mamrm the futures market.
Bhatia (2007) provides evidence that the Nifty fagimarket leads the cash
market.

Anchoring and adjustment

Tversky and Kahneman (1974) describe the phenomeinanchoring and adjustment
as follows:

“In many situations, people make estimates byiataftom an initial value that
is adjusted to yield the final answer. The initialue, or starting point, may be
suggested by the formulation of the problem, analy be the result of a partial
computation. In either case, adjustments are &jlgimsufficient. That is,
different starting points yield different estimatesich are biased toward the
initial values.”

Tversky and Kahneman (1974) point out that thisnpin@enon is observed even when
the initial anchor is a random number obtained figreng a wheel. It is natural then
to assume that the wrongly disseminated Nifty indéich was so salient would have
served as an initial anchor. With insufficient adjoent, clearly it should have had
some impact on the price.

The empirical evidence strongly rejects the themfrgnchoring and adjustment. The
disseminated wrong Nifty had no impact on futurgsgs either in terms of levels or
in terms of returns. The evidence is strongly imofa&r of an efficient market and
strongly against behavioural biases like anchosing adjustment

The data lends support to the view that some ofhbbleavioural biases that are
observed in laboratory setting do not occur indbetext of structured and scaffolded
decision situations that prevail in market settifg® example, Clarke (1997) argues:
“traditional economic theory (invoking the substaatrationality paradigm) succeeds
wherever individual choice is strongly constrainbg social and institutional
scaffolding that has itself evolved subject to stle pressures to maximize rewards.
Outside such highly constrained settings, genundgévidual thought plays a greater
role, and the psychological irrealism of the sulwsta rationality model takes its
toll.”

More stringent tests of market efficiency

What | have shown is that on the morning of Janda&ythe market passed some of
the basic tests of market efficiency and avoidedesof the pitfalls that behavioural
finance warns us against. But the efficient matkgtothesis (EMH) makes much

" We could also perhaps interpret the evidence iag lagainst the availability heuristic.

B ]
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stronger demands on the market. The semi-strong foff the EMH asserts that
market prices should reflect all published inforimat

Though the true Nifty was not being disseminatbkd,rices of the underlying stocks
were being disseminated. The composition of thexnand the constituent weights
were also publicly available. Theoretically, theref, the true Nifty could have been
computed by any market participant with fairly nweintary software. It is fairly
straightforward to design a spreadsheet that takes in real tinee feeds of
individual stocks and computes the index.

Strict standards of market efficiency would requitee market to function as
effectively without the true Nifty feed as it doegh it. A quick glance at Figure 3
shows that this was not the case. It is visualiglevt that the relationship between
true Nifty and Futures was much weaker when wroifty N\vas disseminated. The
trend line through the scatter plot is much flattering the period as compared to the
approximately 45° line when the true Nifty was datlie.

® | do not intend the term “straightforward” to seggthat trading-room-ready software could
have been put in place very quickly. It is possthigt starting from scratch, traders might not
have been able to complete the development, coenf@sting and integration of this software
during the one hour or so when the wrong Nifty Wamg disseminated.

]
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Scatter Plot of Nifty versus Futures in levels
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Figure 3: Relationship between true Nifty and Futur es was much weaker when
wrong Nifty was disseminated. Therelationship does not appear to be different
between the two days or between different times of the day.

The evidence is visually compelling, and would ewitly be statistically highly
significant’, but there is a serious econometric issue abattosarity and co-
integration to be addressed. A regression in lelvetsieen the futures price and the
Nifty index is permissible only if the two varialklare co-integrated. Bhatia (2007)
provides evidence of co-integration between therrgg and the index, but in the
shorter data that | am using here, | am not abéstablish co-integration:

® The Chow test results are: F-statistic: 213.12 and 666 DF, p-value: < 2.2e-16
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« Itis not possible to reject the hypothesis of & oot in the differenct® between
the futures price and the Nifty index at even tb&olevel using either the ADF or
the PP test.

» The above test assumes a particular form (1, +lith®co-integrating vector. |
therefore tested for a general co-integrating veesong the Engle-Granger two
step procedure. Again it is not possible to refbethypothesis of a unit root in the
first stage residuals at even the 10% level.

In the absence of co-integration, it is necessargatry out the analysis in terms of
differences or percentage charfgeA visual picture is provided in Figure 4 where it
can be seen that the slope of the scatter diagsasprmewhat flatter when the true
Nifty is not available.

More importantly, the contour plot of the two dinseonal density estimate that is
superimposed on the scatter diagram is very infom@maWhen the true Nifty is not
available, the innermost contour lines are almosutar indicating a near absence of
a relationship between the Nifty and the futuregmthe changes in the true Nifty are
small. It is only the outer contour lines that atengated in the direction implying
that it is only when there are large changes inttbe Nifty that the relationship
becomes somewhat stronger.

This visual impression of an altered relation betwéhe futures and the true index is
confirmed by the regression results reported inldab| regressed the returns in the
futures on the returns in the true Nifty index gapely for the periods when the true
Nifty was disseminated and when it was not. | ttested for equality of the slopes
using the Chow test.

% The results are similar if the test is based erpircentage difference between the futures
price and the index.

1 The returns are indeed stationary. The hypottwsisunit root is comfortably rejected at
the 1% level in Nifty returns (PP-test statistiel4.9556; ADF test statistic = -11.9556) and
in futures returns (PP-test statistic = -17.942DFAest statistic = -15.3825).
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Scatter Plot of Nifty versus Futures (% changes)
17 Jan 2006 18 Jan 2006
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Figure 4: Therelationship between futuresreturnsand Nifty returnsisalso
weaker when the wrong Nifty was disseminated

Table 2: Theregression relationship between Futuresreturnsand true Nifty
retur ns changed when the true Nifty was not available.

A. During the period when true Nifty was available

Variable Coefficient Std. Error t value Pr(>t|
Constant -1.975e-06 1.460e-0p -0.135 0.892
True Nifty Returns 9.057e-01 3.816e-0p 23.736 <@e-1| ***

R-squared: 0.4826, F-statistic: 563.4 on 1 and@®®4 p-value: < 2.2e-16

B. During the period when true Nifty was not available

Variable Coefficient Std. Error t value Pr(>t|
Constant 3.683e-05 6.156e-0p 0.598 0.552
True Nifty Returns 6.861e-01 7.216e-0P  9.508 1.BReq ***

R-squared: 0.6011, F-statistic: 90.41 on 1 and B0 pvalue: 1.391e-13

Chow test for a change in slopes:
F-statistic: 5.6227 on 2 and 664 DF, p-value: 078%3

]
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The relationship between the futures and true Nidtyirns is significantly different
when the true Nifty is not available. The coeffitiés close to unity (0.9057) when
the true Nifty is disseminated but drops sharply016861 when the wrong Nifty is
disseminated. The Chow test shows that the diféeren slopes is significant at the
1% level.

At the same time, the squared correlation is sicgnitly higher when the wrong Nifty
is disseminated. This apparently conflicting resulbf course explained by the sharp
differences in standard deviations:

Period Standard Deviation off ~ Standard Deviation of
Nifty Returns (x 10,000) Futures Returns (x 10,000)

True Nifty available 3.83 4.99

True Nifty not available 8.59 7.60

Ratio between two periods 2.24 1.52

It is tempting to imagine that the higher volayilis due only to the non availability of
the Nifty. But this would be incorrect to for seakreasons:

« Volatility is known to have a strong intra-day it (it is typically higher in the
beginning of the day).

» The wrong dissemination happened on an unusualvtaye the market was trying
to digest the implications of the price discovérgtthad taken place in the special
session of the demerger of a large index constituen

| therefore prefer to focus on the change in tlggassion slope which | find deeply
troubling. Normally, one would expect a coefficiehbse to unity between the index
returns and the futures returns. The fact thasttye dropped well below unity when
the true Nifty was not available is suggestive bf@ak down of price discovery.

To investigate the matter more closely, | examitiezlresponse of futures prices to
lagged changes in the percentage Badissentially the question that | am asking is:
if the gap between the index and the futures wideves this minute, does this
widening reverse over the next minute by an offisgtnove in the indeX. It may be
seen from Figure 5, that when the true Nifty isilade, changes in the spot-futures
basis tend to be reversed by an offsetting mowbenindex in the next minute. This
does not happen when the wrong Nifty is dissemthéite fact, the scatter diagram
has the wrong slope). This is indicative of a mdgmak down of price discovery in
the markets during this period.

12 The spot-futures basis is the difference betwkerirtidex and the index futures. | focus on
the basis in percentage terms.

3 The reversal could happen through a move in ettieefutures or in the index. Since
futures are known to contribute more to price digey, one would expect the index to move
to correct the basis. This is confirmed by regassesults discussed later.
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Figure5: When the true Nifty is available, the Nifty movesto offset changesin
the previous minute in the spot futures basis. Thisdoes not happen when thetrue

Nifty is not available.
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To test this, statistically, | ran the regressieparted in Table 3 where Nifty returns

are regressed on futures returns and on chandhe lagged percentage basis. When
the true index is available, the Nifty does offiiged changes in the basis — the
coefficient is negative and highly significant. Wihlae wrong Nifty was disseminated,
the coefficient is of the wrong sign and is notistecally significant.
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Table 3: Theindex movesto offset changesin the lagged basis only when thetrue
index isavailable

Variable | Coefficient | Std. Errof  tvalug  Pr(>|t])

A. During the period when true Nifty was available

Constant -3.377e-06 1.100e-05 -0.3p7 0.759
Futures Returns 5.101e-01 2.264e-02 22.526 <2e-1& |*
Lagged changes in -1.500e-01 3.130e-02 -4.792 2.08e406*

percentage basis

B. During the period when true Nifty was not available

Constant -2.993e-05 6.909e-05 -0.433 0.6664
Futures Returns 8.477e-01 9.229e-02 9.185 6.57e*13
Lagged changes in 2.127e-01 1.265e-01 1.681  0.0981

percentage basis

In regressions not reported here, futures retuere wegressed on futures returns and
on changes in the lagged percentage basis. Intine¢hperiods, the coefficient of the
lagged change in the basis was not significant.

The natural conclusion is that under normal coodgj significant price discovery
takes place in the futures market, and the castkebadjusts with a lag. However,
when the true Nifty is not available, the futurearket is not able to perform this
function. Price discovery is impeded in the futuresrket.

Discussion and Conclusion

Even in the absence of a true index price feed, niaeket did not exhibit the
stupidities that behavioural finance models of amcly and adjustment might have
predicted. But the absence of the true price fegdndike the market much less smart
than normal.

The good news is that even during the entire peofodystems failure, the futures
market tracked the true Nifty index which it couldt see while completely ignoring
the wrong Nifty index that it could see. The tick tick data shows that the futures
market was not even momentarily deceived by thengrdlifty index that was
disseminated. It is true that the cognitive tasloived in index computation is quite
simple, yet the evidence that markets can overamygaitive biases is encouraging.

However, price discovery failed in more subtle wélyat are at variance with strict
definitions of market efficiency. Under extremergtards of market efficiency, the
index disseminated in real time by the exchanges addnew information as long as
the prices of the underlying stocks are being dissated and the composition of the
index and the constituent weights are publicly k. According to strict
interpretation of the semi-strong form of markdtogdncy, a failure of the real time
index price feed should make no difference.

It is true that the true Nifty could have been coegd by any market participant using
any standard spreadsheet software that has théiliypto take in real time price
feeds of individual stocks. If one imagines a warldvhich index futures are traded
but nobody disseminates the index in real time,tm@ket participants would build,
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test and deploy their own software to perform gosnputation. But that is not the
world in which we live. In the real world, the indes disseminated in real time by an
authoritative source and therefore market partidgphave little incentive to build and
deploy highly robust and reliable software to perfandex computation.

From my conversations with market participants, elarht that large market
participants did have spreadsheets to compute tifty hdex, but there was
unanimity that the confidence that they had in ¢hggreadsheets was quite limited.
The typical response was that such an excel skeatswell as an information but
traders will surely be hesitant to include its autfor example for proprietary trades
or even into algorithmic trading for their largesiitutional clients. Data feed from an
exchange is considered as reliable by proprietagirig brokers and by algorithmic
and high frequency trading clients.

The video of the CNBC-TV18 live market commentanytihe opening minutes of

trading also leads to the same conclusion. The redars able to say quite

categorically that the official Nifty is wrong, bit is rightly much less confident

about its own estimate: “But the Nifty is not dowao much. In fact, the current rate
is closer to 2830 — 2820 types and not the 274Ryiha see on the screen at all.” As
already mentioned, with hindsight, we know that toerect Nifty at the time was

closer to 2810.

When the disseminated index has an error of abid,2even a crude computation
with an accuracy of %% or even 2% is quite adeqt@tmonvince oneself that the
disseminated index is wrong. However a %% accuraght not provide enough

confidence to trade the index futures or arbitiaggainst the cash market.

The initial response of market participants to Wreng Nifty price feed might well
have been that it would be corrected very soonséseral tens of minutes passed
without correction, some large participants migatvdnthought of strengthening their
pre-existing index computation capabilities, perforg some quick robustness tests,
and integrating the enhanced software into theie ¢tading operations. Even if they
then set about doing this in right earnest, theghtinot have completed the
development of trading-room-ready softwHrbefore the true Nifty dissemination
was restored.

More importantly, even if every market participaid succeed in calculating the true
index value with extremely high degree of reliapilind confidence, these individual
computations do not restore the situation that gitest when there was a true index
price feed. The key point is that in the presenica price feed, the index value is

* The algorithm for the intra day index computati@@actually quite trivial — it boils down to
calculating a weighted average. This is becausegdsato the base to reflect corporate
actions are not carried out intra-day. HoweverJanuary 18, 2006, the real time index
dissemination failed at the beginning of the daprabver, the special session that had taken
place before the market open (for the price disgowéthe demerged Reliance Industries)
amounted to a corporate action that had to be ateddor.
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“common knowledg€”. Everybody knows that everybody is seeing thaesandex
value on the trading screen.

Even if every participant succeeded in replicatthg index computation on the
morning of January 18, 2006, the index value won@tt have been common
knowledgé®. Each participant would have known the index vahig nobody might
have known that all others knew it as well. Had digruption lasted several hours or
several days, then it might gradually have becoamnson knowledge as participants
talked to each other or as the news media reptreedevelopments.

It is well known that arbitrage sometimes dependscommon knowledge and not
just knowledge by each participant individually. rFexample, Abreu and

Brunnermeier (2002) describe a situation where nasy is not arbitraged away for
a long time because “at no point in time is thepmésng common knowledge among
the arbitrageurs. It might be the case that altradpeurs know of the mispricing, and
all arbitrageurs know that all know that the piig¢oo high or too low, but it is never
the case that all arbitrageurs know that everydauyws that everybody knows and
so on ad infinitum.”

Muniesa, Millo and Callon (2007) rightly argue th&@alculation is ... the concrete
result of social and technical arrangements.” Wied seen on January 18, 2006 was
a failure of part of these technical arrangemeft®n if an alternate set of technical
arrangements were put in place, the market’s “¢aficn” of the correct futures price
might have been impeded until the technical arrareggs were embedded in a set of
social arrangements that produced common knowlefltfee true index value.

The evidence presented in this paper of the bremkdof price discovery in the
futures markets points to the centrality of “marétevices” as argued in actor network
theory (Muniesa, Millo and Callon, 2007 and Pre2i206). Well functioning markets
today depend critically on a whole set of inforroatiand communication
technologies. Any failures in these material, sdeithnical aspects of markets can
make financial markets quite fragile even if bebaval biases are largely absent.

!> The notion of “common knowledge” was introducetbistatistics by Aumann (1976) who
explained the concept thus: “Call the two peomad 2. When we say that an event is
‘common knowledge,” we mean more than just thalhldoand 2 know it; we require also that
1 knows that 2 knows it, 2 knows that | knows knbws that 2 knows that | knows it, and so
on.”

'® This argument is also relevant in the more réealisise where many participants succeed in
computing an approximate value of the true indexiding real time prices of a few important
stocks. Index arbitrageurs who are accustomedrforpe cash-futures arbitrage using a
tracking portfolio consisting of a basket of laragal liquid stocks might have found this
particularly easy to do.
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