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Abstract. Eliminating middlemen from security protocols helps less
than one would think. EMV electronic payments, for example, can be
made fairer by adding an electronic attorney – a middleman which me-
diates access to a customer’s card. We compare middlemen in crypto
protocols and APIs with those in the real world, and show that a man-
in-the-middle defence is helpful in many circumstances. We suggest that
the middleman has been unfairly demonised.

1 Introduction

The man-in-the-middle is much maligned. The Security protocol literature
abounds with middleman attacks, and designs for security architectures com-
monly assume that if we could just cut out any possibility of interception, so
that endpoints talk directly and securely, then everything will be OK. This could
not be further from the truth. More often than not, the party that cheats you
is the very one you thought you wanted to talk to in the first place, rather than
some large-eared villain in the shadows.

In real life the middleman is often an ally who defends your interests; he is
an essential part of going about normal business. We have our estate agents,
our lawyers and accountants – even our priests – all acting as middlemen and
representing our interests to those who might otherwise harm us. Resentment
of the middleman usually only arises when he serves more than one master, or
acquires too much independent power.

In this paper we argue that computer security should restore the middleman to
his proper status. We describe several protocols where participants would benefit
from being shielded from the actions of other participants. In fact there is already
a body of literature in computer security covering composition problems, and if
we can apply these ideas more broadly, we might learn how to engineer security
protocols for multiple middlemen.

2 Electronic Commerce

Since 2005, British bank payment cards use the EMV protocols – a development
known to the public as “Chip and PIN”. Instead of reading a static number from
a magnetic strip, a payment terminal supplies a customer PIN to a smartcard
which verifies it and computes a MAC on the transaction, using a key it shares
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with the issuing bank. On casual inspection, this appears to be an end-to-end
protocol; but the customer does not have a trustworthy means of entering his
PIN into his card, or of checking the transaction details (payee and amount).

Consider a concrete scenario: You go for lunch at a small London restaurant
and pay using your chipcard, unware that the restaurant is corrupt. You ask for
the bill, and the waiter brings a handheld terminal to your table. Meanwhile, on
the other side of town, his accomplice is loitering in a jeweller’s store. The waiter
sends an SMS message to his accomplice, who goes up to make a purchase. As
you insert your own card into the waiter’s terminal, the accomplice inserts a
fake card into the jewellers. The waiter’s sabotaged reader simply forwards the
traffic from your card wirelessly to the card at the jewellers. You enter the PIN,
thinking you’re paying for lunch, but in fact you’re buying the crooks a diamond!

We investigated the EMV specifications to determine whether such a ‘mid-
dleman attack’ was possible and practical. It is, and there seems to be no easy
way to extend the EMV protocol to sort it out. It then occurred to us that if
the merchant (or a corrupt merchant employee) could insert a relay device to
monitor and forward the EMV protocol, maybe the customer could add her own
middleman to do the same job, but with her interests in mind. An economic
analysis of the problem is that the chipcard defends the bank’s interests; the
terminal defends the merchant’s interests; but no party to the protocol defends
the customer. What is the electronic equivalent of taking your lawyer along with
you to the shop?

3 The Electronic Attorney

Our solution is to create an electronic attorney – a device that participates in
the protocol whether the merchant and bank like it or not, which is paid for
solely by the customer, and which acts only in her interests.

In the case of EMV, the protocol requires clear PIN entry by the customer
and clear transaction entry by the merchant, supplies both to the chipcard, and
if the PIN is correct the chipcard computes a MAC on the transaction data for
transmission to the bank. The path from the terminal to the card can thus be
mediated by a gadget that gives the customer a trustworthy display of the payee
and amount, and can supply or withold the PIN to the card. It can also keep an
independent audit trail.

A real-world implementation would be a small device about the size of a
credit card, with chipcard contacts at one end and a chipcard reader at the
other, as well as an LCD display and several buttons. The customer would place
her chip card into it and then insert both devices into the merchant terminal. If
the displayed payee and amount meet her expectations, she presses an approval
button, releasing the correct PIN to the card, and writing an audit entry. Matters
could be arranged so that the customer does not know the true PIN at all, and
thus all transactions must be made via the attorney: this protects the customer
against attacks by crooked merchants who skim the mag stripe and use that in
an overseas ATM with the observed PIN. It also strengthens her hand in the
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case of a dispute: if the bank says ‘You must have done it, because our system
says so and is secure’, she can retort ‘Not at all – my device is even more secure,
as it’s evaluated to EAL4 unlike your 20 million lines of crufty old COBOL.’

4 Other Man-in-the Middle Defences

While there is some literature about shared-control processes (such as the pri-
vacy guard in CAFE [5]), the protocol community has not yet recognised the
middleman as useful. There are of course middlemen in other security spheres:
think of the firewalls and virus checkers that mediate between your PC operating
system and the outside world. These middlemen’s job is to stay up-to-date with
the latest threats and check incoming bits for signs of hostility.

Security APIs – the big brothers of security protocols – could well gain from
middleman defences. The Hardware Security Modules (HSMs) at banks that per-
form PIN processing must conform to dated APIs with fundamental weaknesses
in the encrypted data formats (described in detail in [1,3]). When an HSM must
operate in a hostile environment (such as a semi-trusted facilities management
firm, or a data centre in a unstable foreign country), an additional middleman is
a logical solution to the problem. There apparently isn’t the economic incentive
for first-world banks operating their own data centres to push for replacement
of the API. But, where needed, a further device can act as a gateway to the
banking HSM, observe and filter the transaction stream, stall transactions that
look suspicious, and keep an independent audit trail of all activity.

Finally, we considered software middlemen for banking APIs in order to deal
with short-term defence against the decimalisation table attack [2]. A hardware
equivalent might involve mounting an HSM such as a 4758 inside a PC, and then
mounting the PC in a steel box with a tamper-sensing barrier.

5 Composing Middlemen

In their influential paper “Cascade Ciphers: The Importance of Being First”, Ueli
Maurer and Jim Massey showed that when ciphers are composed, the resulting
cipher is as strong as the first, except in the case where the ciphers commute in
which case the composition is as strong as the best. Defensive middlemen work
similarly. If both my electronic attorney and an electronic attorney belonging to
the Mafia are plugged between my chipcard and a merchant’s terminal, then so
long as it’s my attorney that is next to my card, I will be all right; however, if
a Mafia-owned attorney is in direct contact with my card, then it can perform
arbitrary middleman attacks.

The case of commuting defences is more subtle. In the cipher case, this refers
to stream ciphers; in the case of electronic attorneys, one can imagine a num-
ber of devices communicating with both card and terminal using a dependable
broadcast protocol, so that any bad advice could be countered by denuncia-
tion. Something similar may be found in business, where a company thinking
of a takeover might have a conference with multiple complementary specialists
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(bankers, lawyers, brokers, accountants) making suggestions and trying to find
flaws in suggestions made by others.

6 Conclusions

The middleman has traditionally been seen as evil by security protocol designers,
and attempts are made (often in vain) to exclude him. In real life, however,
middlemen are ubiquitous, and we think the time has come for a rethink.

Designers like to aim at an elegant and incorruptible protocol for a broad
range of tasks, but then fail for all manner of reasons, from unclear or dishonest
assumptions, through shifting goalposts and featuritis to committee design. In
the resulting complex, real-world protocols there is a place for a middleman.
Consider the law: even a clever and articulate defendant retains a lawyer if
he can afford it, since the complexity and volatility of legal protocols make it
uneconomic for a nonspecialist to maintain the capability to argue a good case
on his own behalf. Similarly, keeping up with computer viruses is a full-time
job: no sensible security expert would maintain his own virus checker unless
that were his speciality. In the case of EMV, it seems to be more by luck than
by judgment that the protocols are open to middleman defenses. However, the
economics suggest that they will stay that way. Tweaking the base protocols to
make middleman attacks harder would be immensely expensive and take years
to roll out, but keeping a middleman up-to-date is much cheaper.

To summarise, the man-in-the-middle defence is a good way to do two things.
First, it is a sensible place to introduce a dynamic and upgradeable element
which allows a slower but more careful evolution of an underlying protocol, or
the retrofitting of protection to a protocol which is too expensive to change.
Second, it gives us an opportunity to bring the human back into the protocol
where there was no window for manual intervention before.

References

1. Anderson, R., Bond, M., Clulow, J., Skorobogatov, S.: Cryptographic processors –
a survey, University of Cambridge Computer Laboratory Technical Report TR-641

2. Bond, M., Zielinski, P.: Decimalisation Table Attacks for PIN Cracking. University
of Cambridge Computer Laboratory Technical Report TR-560

3. Clulow, J.: The Design and Analysis of Cryptographic APIs for Security Devices.
MSc Thesis, University of Natal, SA (2003)

4. Maurer, U., Massey, J.: Cascade Ciphers: The Importance of Being First. Journal
of Cryptology 6(1), 55–61 (1993)

5. Boly, J.-P., et al.: The ESPRIT Project CAFE – High Security Digital Payment
Systems. In: Gollmann, D. (ed.) ESORICS 1994. LNCS, vol. 875, pp. 217–230.
Springer, Heidelberg (1994)


	The Man-in-the-Middle Defence
	Introduction
	Electronic Commerce 
	The Electronic Attorney
	Other Man-in-the Middle Defences
	Composing Middlemen
	Conclusions



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




