
Secure electronic payments for
Islamic finance

Mansour Al-Meaither

Technical Report
RHUL–MA–2004–5
15 December 2004

Royal Holloway
University of London

Department of Mathematics
Royal Holloway, University of London
Egham, Surrey TW20 0EX, England

http://www.rhul.ac.uk/mathematics/techreports



7.2 Mobile infrastructure and services

7.2.3 Short message service

The GSM short message service (SMS) allows users with mobile phones to send or receive text

messages. All messages sent via SMS are sent in clear text format. A single SMS message can

consist of up to 140 bytes. However, several SMS messages can be concatenated to create a

longer message. SMS messages are not sent directly from sender to recipient, but always via

an SMS Centre (SMSC) in the operator network. The sender and the receiver are identified

by their respective IMSIs. When an SMS message is received by the SMSC, it sends an

SMS request to the HLR of the recipient. When the HLR receives this request, it responds

to the SMSC with the recipient’s status, which is either inactive or active. If the recipient

is inactive, the SMSC will hold on to the message for a period of time. When the recipient

becomes active, the HLR sends an SMS Notification to the SMSC, and the SMSC will attempt

delivery. If delivery is successful, the SMSC receives verification that the message was received

by the end user. SMS messages are protected by the data confidentiality service provided by

GSM/UMTS. However, this protection is only for the wireless part of the network and does

not cover the SMSC [32].

A disadvantage of SMS messaging is that messages cannot be blocked. Mobile phones can

become the subject of denial of service attacks, viruses and spamming through receipt of

multiple unsolicited SMS messages.

7.2.4 SIM/USIM Application Toolkit

The SIM [33] and USIM [2] Application Toolkits have been proposed as means of expanding

the ME functionality by allowing the addition of applications to a SIM/USIM card. They

define how an application program running on the SIM/USIM can register menu elements

and listen to events such as the receipt of an SMS message or user initiated selections. When

an event occurs, a procedure on the SIM/USIM is executed. The procedure can invoke other

functions of the ME; for example, it can display a message, ask for input, or send an SMS. SIM
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GSM AND ELECTRONIC MURABAHA TRANSACTIONS

and USIM Toolkit applications use SMS as the bearer channel, and therefore each transaction

incurs a cost based on the number of SMS messages involved.

7.3 The GSM-based electronic Murabaha transaction model

The main goal of this section is to present a protocol that combines use of the GSM infras-

tructure, a one time password scheme (see section 2.4.4), and the Internet, to conduct a secure

electronic Murabaha transaction supporting buyer mobility.

7.3.1 Entities involved

The GSM-based electronic Murabaha transaction defined here involves interactions between

four parties (see Figure 7.1): the buyer, the merchant, a GSM Authentication Centre, and

the provider.

• Buyer (B): This is the entity that wishes to buy goods from a merchant via the

Internet, but does not have the cash immediately available to complete the transaction.

The buyer must have access to the Internet and a SIM Application Toolkit compliant

mobile phone. It is assumed that the SIM in the buyer mobile phone contains a SIM

Toolkit compliant payment application.

• Merchant (M): This is the entity that offers the goods for sale (via the Internet)

which the buyer wishes to purchase. We assume that the merchant and provider share

a communications link that offers confidentiality, integrity, and origin authentication,

for example as provided by the Transport Layer Security (TLS) protocol [24] with both

client and server authentication.

• Provider (P): This is a financial institution that acts as an intermediary between the

buyer and the merchant. It undertakes the purchase of commodities as specified by
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7.3 The GSM-based electronic Murabaha transaction model

a buyer, and then resells them on a Murabaha basis to him for the cost price plus a

margin of profit agreed upon previously by the two parties. It does not make a purchase

unless the buyer both requests it and makes a prior promise to purchase the goods from

the provider. It is assumed that the provider has a contractual agreement with the

mobile network operator to regulate the relationship. In order to communicate with

the buyer, the provider has a GSM-enabled device (with a SIM) via which it can send

and receive SMS messages; it is further assumed that the SIM is issued by the same

network operator that issued the buyer’s SIM, and contains an appropriate SIM toolkit

compliant payment application. In order to expand his customer base, the provider may

have several SIMs issued by different mobile network operators. Moreover, we assume

that the buyer trusts the provider. This trust is explicit as the buyer is assumed to have

a formally established agreement with the provider that defines the trust and liability

relationship. The provider is also assumed to have a secure communications link with

the AC of the mobile network operator which issued it the SIM.

• Authentication Centre (AC): This is the AC belonging to the GSM mobile network

operator shared by the buyer and the provider. In our protocol it is used as a key

distribution centre, where it receives requests from the provider to generate a session

key used to secure communications between the buyer and the provider. We assume

that the communications link between the provider and the AC offers confidentiality,

integrity, and origin authentication, for example as provided by TLS with both client

and server authentication.

7.3.2 Interaction

In the proposed payment scheme, we first suppose that a buyer, shopping at an Internet

merchant site, chooses to pay using Murabaha through a specified provider. The merchant

contacts the selected provider to complete the transaction. If the provider chooses to proceed

with the transaction, the provider first calculates the profit for the transaction and then sends
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Figure 7.1: GSM-based Murabaha transaction infrastructure
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the buyer an SMS message promising to sell the goods to the buyer. In return, the buyer

replies with an SMS message in which the buyer promises to buy the goods on a Murabaha

basis for the cost of the goods plus the agreed upon profit. This promise is not binding on

either the buyer or the provider, and is not an actual sale. At this stage the relationship

between the buyer and the provider is that of promisor and promisee. Based on the response

received from the buyer, the provider communicates with the merchant Internet site and

completes the purchase of the goods. Once the purchase of the goods is settled between

the provider and the merchant, the provider sends an SMS message to notify the buyer

of completion of the purchase and to offer him the goods. If the buyer agrees, a payment

authorisation is sent back to the provider (an SMS message) committing the buyer to purchase

the goods from the provider on a Murabaha basis. Finally, the provider asks the merchant

to deliver the goods to the buyer.

7.4 Security requirements

No participant in any transaction wants to suffer any loss. Therefore, we need to define

precisely the security requirements to meet the needs of the transaction participants. We

therefore next identify what security services are required for a secure GSM-based electronic

Murabaha transaction. The security services can be divided into four categories: authentica-

tion, confidentiality, integrity, and non-repudiation.

7.4.1 Authentication

In the context of the proposed protocol, this security service can be sub-divided into the

following:

1. Entity authentication of the merchant to the provider. This will enable the provider to

verify that the merchant is as claimed.
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2. Entity authentication of the AC to the provider. This will enable the provider to verify

that the AC is as claimed.

3. Entity authentication of the provider to the buyer. This will enable the buyer to verify

that the provider is as claimed.

4. Entity authentication of the buyer to the provider. The provider needs to be sure that

the buyer is the legitimate owner of the SIM.

5. Origin authentication to the provider for the payment authorisation. The provider needs

to be sure that the source of the payment authorisation is a genuine SIM.

7.4.2 Confidentiality

In the context of the proposed protocol, this security service can be sub-divided into the

following:

1. Confidentiality of the buyer authorisation. The buyer authorisation must be kept secret

from non-authorised parties.

2. Confidentiality of the order information. The buyer may require that his order infor-

mation is not available to parties other than the merchant, e.g. for privacy reasons.

7.4.3 Integrity

In the context of the proposed protocol, this security service can be sub-divided into the

following:

1. Integrity protection for the transaction data sent between the participants. Such trans-

action data should be protected against modification and replay.
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7.5 Murabaha requirements

2. Integrity protection for the payment authorisation. The buyer payment authorisation

must be protected against alteration, or at least any alteration must be detectable.

7.4.4 Non-repudiation

In the context of the proposed protocol, this security service can be sub-divided into the

following:

1. Non-repudiation of origin for the buyer payment authorisation sent to the provider. The

provider must have evidence that the buyer has authorised payment for the goods on a

Murabaha basis.

7.5 Murabaha requirements

In this section we identify the requirements that must be fulfilled for a buyer to conduct

a valid Murabaha transaction over the Internet. These requirements have been derived by

applying the general Murabaha requirements given in section 4.4 to the specific transaction

model given in section 7.3.

1. Buyer knowledge of the original price and profit charged. The buyer must be aware of

the original price of the goods being purchased and the amount of profit the provider

is charging him before buying the goods. This is important for the transaction to be

compatible with the Murabaha sale conditions as stated in section 4.4.2.

2. Provider ownership of the goods. The buyer requires assurance that the provider owns

the goods being offered.
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7.6 The protocol

We now describe the proposed GSM-based electronic Murabaha transaction (see figure 7.2)

in detail. The protocol consists of five phases: the Registration phase, in which the buyer sets

up an S/KEY system with the provider; the Transaction request phase, in which the buyer

finds goods he wishes to buy at an Internet merchant site, and decides to use Murabaha

to pay for the goods; the Promising phase, invoked by the provider, wherein the provider

promises to sell the buyer the goods he is interested in, while the buyer promises to buy the

goods from the provider, once the provider has ownership; the Purchase phase, invoked by

the provider, wherein he buys the goods requested by the buyer from the merchant, and the

Murabaha phase, invoked by the provider, wherein the buyer verifies the provider’s ownership

of the goods offered and sends a commitment to the provider to buy the goods at the agreed

price.

The transaction is based on a combination of secret key encryption, computation and verifica-

tion of Message Authentication Codes (MACs), and a hash-chain scheme related to S/KEY.

The provider needs to store one time passwords (hash values) released by the buyer as evidence

that the buyer authorised the Murabaha transaction.

In the protocol descriptions we make use of the following notation.

• c denotes the number of the buyer authentications remaining before the S/KEY system

needs to be re-initialised,

• d denotes the initial seed value used in the S/KEY system,

• f denotes a one-way hash function,

• MACK(M) denotes a MAC computed on message M using a variant of key K (note

that it is important that the key used to compute the MAC is not precisely the same

as the key used for encryption, particularly if the MAC is a CBC-MAC [66]),
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7.6 The protocol

• MN is the buyer mobile number,

• p denotes the buyer secret password, and

• Ri denotes a random nonce generated by entity i.

Merchant ProviderBuyer

Mobile number, 
Quotation

AC

Session key request

Session key,  

BR

ACR

Promise-To-Sell

Promise-To-Buy

Purchase 

Murabaha payment authorisation

Murabaha payment authorisation response

Figure 7.2: GSM-based Murabaha transaction

7.6.1 Registration

Initially, the provider and the buyer mobile (in fact the SIM) set up an S/KEY system by

means of a secure channel, e.g. as provided using Bluetooth. The one-way hash-function f

must also be agreed.

• The provider selects a value of c and securely passes it either to the buyer or directly
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to the buyer’s SIM Toolkit application.

• The buyer invokes his SIM Toolkit payment application, inputs his own secret password

p, and inputs the value of c selected by the provider; the application selects a random

value for d.

• The SIM Toolkit payment application computes s = p⊕ d.

• The SIM Toolkit payment application computes f c(s), where f c is the recursive appli-

cation of f a total of c times, and securely transfers f c(s), c and d to the provider for

subsequent Murabaha transaction authorisations.

After the allowed number of buyer authentications c has expired, the buyer is expected to

re-initialise the S/KEY system using the steps described above. The provider selection of the

value of c is a trade off between user convenience and security. A large value for c means

greater user convenience because of less frequent re-initialisations, while a small value for c

reduces the risks associated with compromised S/KEY passwords.

7.6.2 Transaction request

This phase begins when a buyer, shopping at an Internet merchant site, indicates that he

wishes to make a specific purchase using Murabaha through a specified provider, and fills

in an Internet form that contains a field for a GSM phone number and a random number.

The buyer invokes the SIM Toolkit payment application in his mobile phone, which, in turn,

generates, stores and displays a random number RB. The buyer enters RB and his mobile

number MN in the merchant form. On receipt of the form, the merchant prepares a quotation

that contains data related to the goods being offered, such as the goods description, price,

validity of the quotation, MN and RB. After preparing the quotation, the merchant sends it

to the specified provider in order to finalise the transaction. This quotation is optionally signed

by the merchant. As in section 7.3.1, we assume that the merchant and the provider are using

appropriate security measures that provide entity authentication and integrity protection to
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protect messages exchanged during the course of the transaction.

7.6.3 Promising

In this phase, consisting of a total of five steps as listed below, both the provider and the

buyer use the GSM security infrastructure to establish a shared secret session key, which they

can use to provide security for the rest of the transaction. Moreover, the provider starts to

negotiate with the buyer to assert his willingness to buy the goods specified in the previous

phase.

1. P → AC : MN

2. AC : Ks = A8Ki(RAC)

3. AC → P : RAC ||MN ||Ks

4. P → B : RAC ||EKs( PI ||RB ||Trans ID) ||MACKs(PI ||RB ||Trans ID)

5. B → P : EKs( PI ||Trans ID || Y/N) ||MACKs(PI ||Trans ID || Y/N)

Upon receipt of the quotation prepared in the Transaction request phase, and after successfully

verifying the merchant’s signature, the provider sends a session key request to the AC, as

shown in step 1. The request contains the buyer mobile number MN . The AC retrieves the

buyer shared secret key Ki corresponding to MN , generates a new random number RAC , and

uses them to derive a random session key Ks for this transaction (step 2).

The AC then constructs and sends a response message to the provider (step 3). In addition

to Ks, this message contains the random number RAC used to generate the session key Ks

and the buyer mobile number MN to enable the provider to link the messages sent in steps

1 and 3.

After receiving the message in step 3, the provider constructs the Purchase Information

(PI), which contains an abbreviated goods description, the cost of the goods to the provider,
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the profit requested by the provider, and the date the provider expects the buyer payment.

The inclusion of the profit requested by the provider is to satisfy the conditions set out

in section 4.4.2. The provider next generates and stores a transaction identifier, labelled

‘Trans ID’, that uniquely identifies the transaction. This must be generated in such a way that

the same identifier is never used twice. The provider then creates and sends an SMS message

called the Promise-To-Sell that contains RAC and a commitment to sell the requested goods

to the buyer once they have been bought from the merchant (step 4). The promise includes

the PI, the random number RB received in the transaction request phase, and Trans ID.

The provider encrypts the promise using the session key Ks. A MAC is also computed on

the Promise-To-Sell message using the key Ks. The enciphered information and the MAC

are then sent to the buyer. It should be noted that the key used to compute the MAC is not

precisely the same as the key used for encryption; we assume that the encryption and MAC

functions use different keys derived from Ks.

Upon receipt of the SMS message (the the Promise-To-Sell) in step 4, the SIM Toolkit

payment application in the buyer SIM calculates the key Ks using the received RAC and the

SIM stored key Ki as inputs to the key derivation algorithm A8 shared with the AC, i.e.

Ks = A8Ki(RAC). The buyer SIM then decrypts the encrypted part of the Promise-To-Sell

message and also verifies the MAC to check message integrity and origin using Ks. Moreover,

it checks that the value of RB included in the message is the same as the value sent during

the Transaction request phase.

The buyer then checks that the goods promised by the provider (as described in the PI ) are

the requested goods. Also, the buyer checks that both the profit and the due date offered

by the provider are acceptable to him. If the buyer chooses to proceed with sale, the buyer

first stores the various transaction details, including Trans ID, for later use in the Murabaha

phase. The buyer next responds to the provider with a Promise-To-Buy SMS message (step

5) to indicate his willingness to buy the goods once the provider has ownership of them. The

message includes the PI, the Trans ID, and B’s agreement to continue the transaction (Y/N),
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7.6 The protocol

encrypted and MACed using Ks (as previously, this involves deriving two separate keys from

Ks for the two cryptographic functions involved).

7.6.4 Purchase

When the provider receives the Promise-To-Buy SMS message from the buyer (step 5 of the

Promising phase), he decrypts the encrypted part using the shared session key Ks and checks

that the contents are as expected and that the Trans ID matches the value sent in step 4 of

the Promising phase. The provider also verifies the MAC on the message using Ks. If all

the checks succeed then the provider completes the purchase of the goods from the merchant.

We assume that the provider signs and sends a message to the merchant that guarantees the

merchant payment. Once the merchant has verified the promise of payment for the goods

from the provider, the merchant displays a message to the buyer confirming that the transfer

of ownership of the goods to the provider has taken place. This gives the buyer assurance that

the provider has purchased the goods, and also serves as a prompt to the buyer to purchase

the goods from the provider.

7.6.5 Murabaha

In this final two-step phase the buyer purchases the goods from the provider. The two

messages below are both sent as SMS messages.

1. B → P : EKs( PI ||Trans ID || f c−1(s)) ||MACKs(PI ||Trans ID || f c−1(s))

2. P → B : EKs(Trans ID || f c−1(s)) ||MACKs(Trans ID || f c−1(s))

If the buyer chooses to complete the transaction, then he authorises the SIM to construct

and send an encrypted and MAC-protected payment authorisation to the provider, as shown

in step 1. The payment authorisation contains PI and Trans ID. Moreover, it contains the
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current value in the password chain (f c−1(s)) which confirms the buyer agreement to buy the

goods on a Murabaha basis. To ensure that only the rightful owner of the phone can generate

the authorisation, the SIM Toolkit payment application can additionally ask the buyer to

authenticate himself before sending this message, e.g. using a PIN; the application then sends

the payment authorisation to the provider.

Upon receipt of the message in step 1, the provider first decrypts it and checks the MAC.

The provider then uses the one way function f to check whether f(f c−1(s)) = f c(s) using

its stored value of f c(s). If the check succeeds, then the provider saves the current f c−1(s)

as evidence of the transaction authorisation, decrements c, and updates f c(s) with f c−1(s).

If the provider does not receive f c−1(s), or receives an incorrect value for f c−1(s), then the

provider terminates the transaction.

After successful verification of the buyer authorisation, the provider instructs the merchant

to dispatch the goods to the buyer address (which is already known to the provider at

registration). Moreover, the provider sends a completion message to the buyer (step 2).

Upon receiving the message in step 2, the buyer SIM Toolkit payment procedure decrypts

EKs(Trans ID || f c−1(s)). If ‘Trans ID’ is the same as the value sent in step 1 and the MAC

verifies correctly, then the buyer SIM Toolkit payment application decrements c and ends the

application.

7.7 Analysis

In this section, we examine to what extent the generic security requirements outlined in

section 7.4 and 7.5 are met by the proposed transaction.
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7.7.1 Authentication

1. Entity authentication of the merchant to the provider. It is assumed (see section 7.3.1)

that the provider is using a security protocol such as SSL/TLS to authenticate the

merchant. Therefore, this requirement is met.

2. Entity authentication of the AC to the provider. It is assumed (see section 7.3.1) that

the provider is using a security protocol such as SSL/TLS to authenticate the AC.

Therefore, this requirement is met.

3. Entity authentication of the provider to the buyer. When the buyer verifies the MAC

received in message 4 of the Promising phase, this implies the freshness of the transaction

because the message contains the value RB, previously chosen by the buyer. The buyer

thus authenticates the provider. However, because RAC is not authenticated, the risk

remains that the MAC has been generated using an old RAC with a compromised Ks.

4. Entity authentication of the buyer to the provider. A legitimate owner of the SIM will

need to enter the correct PIN to use it. Even if an attacker has stolen the SIM and

impersonates the buyer to purchase goods, he will not be able to gain financially because

the goods will be delivered to the buyer address contained in the provider database. The

proposed protocol does not prevent this attack until the buyer SIM is reported stolen

and blocked by the mobile network operator.

5. Origin authentication to the provider for the payment authorisation. The payment

authorisation sent in step 1 of the Murabaha phase is MAC-protected using a key Ks

shared between the buyer and the provider. The Ks can only be generated by a SIM

that has a legitimate Ki. Therefore this provides an evidence to the provider that the

source of the payment authorisation is the legitimate SIM.
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7.7.2 Confidentiality

1. Confidentiality of the buyer authorisation. The value f c−1(s) generated by the buyer is

sent to the provider in an encrypted SMS message. The encryption key used is known

only to the buyer, the provider and the AC. The AC is trusted not to reveal the key

and hence f c−1(s) will not be available to unauthorised parties. Furthermore, the value

f c−1(s) is used only once.

2. Confidentiality of the order information. All messages exchanged between the buyer and

the provider are encrypted using a shared session key. An advantage of our scheme is

that the buyer does not need to send any private information via the merchant, unlike

conventional e-commerce schemes where a credit card number is sent to a merchant

protected using TLS. This avoids any concerns regarding the ability of the merchant

to store buyer private information in a secure manner. However, the buyer will need to

provide the MN and RB to the merchant via the purchase form. This information is

sent to the provider using a secure channel, e.g. as provided using TLS.

7.7.3 Integrity

1. Integrity protection for the transaction data sent between the participants. While the

communication link between the AC and the provider is assumed to be secure, the AC

uses SMS messages to communicate with the buyer SIM. If an attacker modified the

RAC sent by the AC to the buyer SIM, then the SIM will generate a different session

key from the one AC sends to the provider. Therefore, in such a case, the buyer SIM

and the provider would not be able to establish a secure channel.

On the other hand, an attacker can force re-use of an old RAC for which the corre-

sponding key Ks is known. It is therefore important for the AC to generate RAC values

from a source with good randomness properties, such that the probability of sending

the same RAC twice to the buyer SIM is negligible.
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2. Integrity protection for the payment authorisation. The payment authorisation sent in

step 1 of the Murabaha phase is protected against unauthorised modification through

the use of a MAC. Without the key Ks, it is assumed to be infeasible to generate a

valid MAC for a modified authorisation message.

7.7.4 Non-repudiation

1. Non-repudiation of origin for the buyer payment authorisation sent to the provider.

The one way function f is used to achieve non-repudiation. In the ith session, the buyer

provides f c−i(s) to authorise the Murabaha transaction. The provider can verify the

correctness of f c−i(s) but cannot derive f c−i(s) from f c−i+1(s). Therefore, f c−i(s) can

be used as evidence of the ith authorisation.

Moreover, the buyer authorisation f c−i(s) is different for each transaction, and therefore

f c−i(s) is not replayable, or usable as proof for some other transaction.

7.7.5 Murabaha

1. Buyer knowledge of the original price and profit charged. This requirement is met

because, in order for the provider to complete the transaction, the buyer must respond

to the message sent in step 4 of the Promising phase. If the buyer replies with the

message in step 5 then he must know the original price and the amount of profit the

provider is adding, since it is included in the PI.

2. Provider ownership of the goods. We assume that the merchant, once it has sold the

goods to the provider, will display a message to buyer indicating the transfer of goods

ownership to the provider. However, this is not verifiable by the buyer.
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7.7.6 Mobility and user privacy

The proposed scheme gives the buyer the freedom to use any PC with an Internet connection

to make a Murabaha transaction. Regarding user privacy, the buyer does not need to send

his identity to the merchant, However, the merchant knows at least the buyer mobile phone

number. This number does not necessarily reveal a buyer’s real identity (as would be the

case for an ordinary credit card payment.) Besides the issue of potential identity disclosure,

other privacy issues exist with passing a mobile phone number to a third party; for example,

this number might be used for advertisement purposes. Finally, the provider knows exactly

which buyers are buying goods from which merchants and for what amounts of money.

7.7.7 Some potential problems

The following possible problems with the protocol can be identified.

• The protocol possesses a single point of attack, namely the AC. The AC is trusted by

the participants to make trustworthy decisions about the authenticity of a participant.

Compromise of the AC would be disastrous. Obviously, the usefulness of a system like

this also increases in proportion to the number of users who subscribe, although the

effects of an outage (deliberate or accidental) also increase. It is assumed that the

GSM network operator will not abuse this trust and that the AC will be well-protected

against service denial and illegal access. This is likely to be true in any event, as AC

failure would also bring down the entire GSM network.

• The 160 character limit on SMS messages should be considered when designing the SIM

Toolkit payment application.

• There is an additional inconvenience if the user loses his mobile phone, because the

mobile network operator and the provider must be contacted again to re-initialise the

system.
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7.8 Extending the protocol to UMTS/3GPP

Since the subscriber authentication system employed by UMTS is similar to that of GSM,

our protocol can be readily adapted to take advantage of the UMTS security features (as

described in section 7.2.2). Specifically, f1 can be used to generate the necessary MACs and

f3 can be used to generate the session encryption key Ks. Moreover, the session integrity

key IKs can be used to compute the MAC instead of using a variant of the session key Ks,

thereby avoiding any key separation issues.

Accordingly, messages in the Promising phase would follow the same sequence described in

section 7.6.3. However, in step 2, the AC will use the function f4 shared with the buyer SIM

to generate a session integrity key IKs. This key is sent to the provider along with Ks (step

3) for use in MAC calculations when communicating with the buyer.

1. P → AC : MN

2. AC : Ks = f3Ki(RAC), IKs = f4Ki(RAC)

3. AC → P : RAC ||MN ||Ks || IKs

4. P → B : RAC ||EKs( PI ||RB ||Trans ID) ||MACIKs(PI ||RB ||Trans ID)

5. B → P : EKs( PI ||Trans ID || Y/N) ||MACIKs(PI ||Trans ID || Y/N)

Moreover, messages in the Murabaha phase would be modified to use IKs in the MAC calcu-

lations.

1. B → P : EKs( PI ||Trans ID || f c−1(s)) ||MACIKs(PI ||Trans ID || f c−1(s))

2. P → B : EKs(Trans ID || f c−1(s)) ||MACIKs(Trans ID || f c−1(s))
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7.8.1 Related work

There exist other payment systems which uses GSM phones to support e-commerce trans-

actions. Claessens et al. [21] proposed an electronic payment system in which the world

wide web and the GSM environment are combined to improve overall security, mobility, and

functionality. GiSMo [73] is a scheme that was developed by Millicom International Cellular

in 1999. In this scheme, every Internet transaction is validated with a random code sent in

an SMS message transmitted via a central server. This random code is then entered via the

computer in order to pay. Finally, Khu-smith and Mitchell proposed an e-commerce protocol

[62] that relies on the fact that GSM subscribers and network operators share a secret key

Ki.

7.9 Conclusion

In this chapter we have a proposed a secure GSM-based electronic Murabaha payment proto-

col, where the GSM infrastructure is used to support authentication and payment authorisa-

tion. In addition to the Internet, the scheme uses SIMs equipped with a special SIM Toolkit

payment application. We have described the scheme in detail, explained how it meets the

identified security requirements, and we have also shown how it can be extended to use the

UMTS/3GPP security features.

The proposed protocol makes use of the mobile network operator to generate some of the

required security parameters. The protocol requires the provider and the AC of the mobile

network operator to be involved in every Murabaha transaction. Although this is not a service

currently offered by mobile network operators, it may nevertheless be attractive for operators

to offer this service on the basis of a charge paid by the participating providers. To provide

the required security services and payment authorisation, the protocol involves seven SMS

messages and two active Internet connections. The buyer is expected to have a mobile phone
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and access to the Internet, services available to large number of potential consumers.
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This chapter proposes a new Internet person-to-person payment system.

We start by describing a general model for interpersonal Internet payments (section 8.2).

Security requirements are then identified for a person-to-person Internet payment system

(section 8.3). A payment protocol designed to address the identified security requirements is

proposed in section 8.4. Finally, we analyse how the proposed protocol matches the identified

security requirements (section 8.5). Conclusions are provided in section 8.6.

It is important to note that much of the material in this chapter has previously been published

in [6].
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8.1 Introduction

Debit and credit cards provide a simple way for individuals to pay businesses for products

and services, but they do not provide private individuals with the means to make payments

to one another (here, private individuals means consumers and non-professional merchants).

For example, a private seller who wants to obtain permission to accept credit-card payments

has to apply for a merchant processing account, for which transaction processing costs may be

up to 5%. Moreover, such a merchant account will only be granted under certain conditions,

which many individuals may not meet. Thus ‘standard’ debit/credit card transactions are

simply not appropriate for most interpersonal payments.

On the other hand, as explained in chapter 3, there are schemes by which a payer can

make a payment to anyone with an e-mail address. In these schemes, the payer connects

to the financial institution, and authorises it to transfer a certain amount from his account

to a specified payee account. SSL/TLS is usually used to secure the communications when

connecting to the financial institution, and payer authentication is usually password based.

However, these schemes require both the payer and the payee to move money from their

bank accounts to their account with the scheme provider in order to benefit from the service.

Moreover, the payment instruction does not contain any information that links the goods

being sold to the payment itself. Therefore, these schemes are not particularly appropriate

to the case where a payment is made in exchange for goods.

In general, it is difficult for people unknown to each other to perform e-commerce transactions

unless they possess credentials from a trusted common source, and this is often difficult to

arrange. However, most individuals have a well-established relationship with a bank, and

there are existing worldwide trading relationships between banks. This observation motivates

the design of a person-to-person Internet payment system that exploits these existing trust

and contractual relationships. In such a system the buyer authorises payment from his bank,

the seller verifies payment has been received by his bank, and the seller then supplies the
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goods to the buyer. The seller will be able to see if the buyer has enough funds by debiting

the buyer account in real time.

To summarise, in this chapter we propose a new person-to-person Internet payment system

that uses the existing relationships between buyers, sellers, and their respective banks to

perform remote payments, and that links payment details to the goods being sold.

8.2 A model for person-to-person Internet payments

In this section we describe our model for an interpersonal payment system. The model

identifies the entities involved and includes a brief description of their interactions.

8.2.1 Entities involved

A person-to-person Internet payment system involves interactions between: the buyer, the

seller, and a trusted third party, which we call the “Payment Gateway”, together with the

buyer and the seller banks. Their roles are straightforward.

• Buyer (B): This is the entity that makes the payment, using money in a bank account,

in exchange for goods or services. The buyer has a digital certificate, issued by the

trusted payment gateway, that links the buyer account number to the buyer public key.

The buyer has the capability to set up a secure channel to the payment gateway, which

we assume is provided by the use of SSL/TLS with client authentication.

• Seller (S): This is the entity that receives money from the buyer during a payment

transaction in return for providing the buyer with goods or services. The money is

deposited into the seller bank account. Although the seller trusts the payment gateway,

the buyer and the seller need not trust each other. The seller has a digital certificate
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issued by the payment gateway that links the seller account number to the seller public

key.

• Payment Gateway (PG): This is a trusted third party which links electronic pay-

ments to the transfer of “real money”. It certifies the trustworthiness of the buyer and

the seller by issuing, maintaining and checking the status of digital certificates that

link the seller and buyer bank accounts to their respective public keys. The payment

gateway and the buyer’s bank are assumed to enjoy a degree of mutual trust and share

an infrastructure for secure communication, e.g. a financial network. In the event of

a dispute, the payment gateway shall be capable of producing evidence of buyer au-

thorisations to the buyer bank. The payment gateway shall store those authorisations

securely.

• Buyer bank: This is a financial institution that establishes an account for a buyer.

It trusts the payment gateway to pass it buyer-approved payment instructions. It is

assumed that the buyer has authorised the buyer bank to accept payment gateway

messages. When requested, the buyer bank must be able to show the destination of the

transferred money.

• Seller bank: This is a financial institution that establishes an account for a seller. It

accepts money transfers made by buyers and credits them to the seller account. When

requested, the seller bank must be able to demonstrate the source of the transferred

money.

The payment gateway issues two X.509 certificates [55] for every participant, one that binds

the signature key pair to the user bank account number, and the other suitable for use in

setting up an authenticated SSL session. The payment gateway will reissue these certificates

upon expiry, provided that the bank account is in good standing and that no theft or misuse

of the corresponding private key has been reported.
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8.2.2 Interactions

In our payment model, the seller sends his bank account number and the description of the

goods in a seller block (SBLK) to the payment gateway, which certifies the correctness of the

account number by creating a certified seller block (CSBLK). The concept of seller block is

introduced here to give the buyer confidence that the seller he is dealing with is genuine. Every

time a seller agrees with a buyer on the sale of specific goods, the seller should generate an

SBLK that is specific to this transaction and that incorporates the description of the goods

and the agreed price. The seller must then have it certified by the payment gateway to

produce the CSBLK. The seller then sends (or makes available) this CSBLK to the buyer,

who uses it to instruct the payment gateway to pay the seller, using the buyer’s bank account.

A payment to a seller will only be successful in the presence of a valid CSBLK. Once the

payment gateway has received a valid payment instruction from the buyer, it communicates

with the buyer bank to instruct it to transfer the agreed payment for the goods from the

buyer account to the seller account.

8.3 Security Requirements

We next consider what security services are needed to protect the scheme participants against

possible threats.

8.3.1 Authentication

This security service can be sub-divided into the following.

1. Entity authentication of the payment gateway to the seller. The seller needs to authen-

ticate the payment gateway to prevent transmission of the SBLK to unauthorised third

parties.
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2. Entity authentication of the payment gateway to the buyer. The buyer needs assurance

that he is sending the payment instruction to the trusted payment gateway.

3. Origin authentication to the payment gateway for the payment instruction. The payment

gateway needs to have assurance that the buyer is the source of the received payment

instruction.

8.3.2 Confidentiality

1. Confidentiality of the seller and buyer payment details. The payment details of the seller

and the buyer, as sent in SBLK and CSBLK, must be kept secret from unauthorised

third parties.

8.3.3 Integrity

This security service can be sub-divided into the following.

1. Integrity protection for the payment authorisation sent by the buyer to the payment

gateway. The buyer payment authorisation must be protected against alteration, or at

least any alteration must be detectable.

2. Integrity protection for SBLK and CSBLK. The contents of the SBLK and CSBLK

must be protected against alteration, or at least any alteration must be detectable.

8.3.4 Non-repudiation

This security service can be sub-divided into the following.

1. Non-repudiation of the seller payment. The buyer requires evidence that the seller
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specified in the CSBLK received the payment, to protect against repudiation by the

seller.

2. Non-repudiation of origin for the buyer payment instruction sent to the payment gate-

way. When the payment gateway requests the buyer bank to debit a buyer account

by a certain amount, and credit the same amount to the seller account, the payment

gateway must be in possession of evidence that the buyer has authorised this payment

in order to protect against repudiation by the buyer.

8.4 The Protocol

The proposed scheme (see figure 8.1) is composed of three phases: the Registration phase, in

which the payment gateway registers the participant and issues him a digital certificate that

binds his bank account to his public key; the Seller Block Certification phase, invoked by the

seller, wherein the payment gateway certifies that the seller bank account number is valid,

and The Payment phase, invoked by the buyer, wherein the buyer verifies the certified seller

bank and sends authorisation to his bank to transfer the agreed amount of money from the

buyer bank account to the seller bank account.

8.4.1 Specific Requirements

In order to execute the protocol, the following requirements must be satisfied.

1. Every payment gateway must possess a signature key pair, used both for signing certifi-

cates for participant public keys and for creating certified seller blocks during the Seller

block certification phase of the protocol. Every payment gateway must also possess a

key pair suitable for use in setting up authenticated SSL/TLS sessions.

2. In order to engage in the interpersonal payment scheme, every buyer and seller will

need to install a special application on their PC to perform their part of the payment
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Figure 8.1: Person-to-Person Internet payment system

protocol.

3. Each participant (buyer or seller) must have two asymmetric key pairs: one pair used

for setting up an authenticated SSL/TLS session and the other used for the creation and

verification of digital signatures. The payment gateway issues two X.509 certificates [55]

for every participant, one that binds the signature key pair to the user bank account

number, and the other suitable for use in setting up an authenticated SSL session. The

payment gateway will reissue these certificates upon expiry, provided that the bank

account is in good standing and that no theft or misuse of the corresponding private

key has been reported.
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8.4.2 Registration phase

This phase has five steps, as described below. We use X to denote the user to be registered.

First, in step 1, the payment gateway PG securely authenticates the user by some implementation-

specific means.

1. X ↔ Payment Gateway : Authenticate X

Then, in step 2, user X provides his bank account number to the payment gateway.

2. X → Payment Gateway : account number

After verifying the association between the entity and the supplied bank account details (by

implementation-specific means), the payment gateway generates a unique identifier idX for

X, for use in this protocol, and creates a personalised copy of a ‘payment application’ for

installation by the user. This PC application will be used by the user acting as buyer or seller

to make person to person purchases, and is assumed to contain copies of the user identifier idX ,

the payment gateway public encryption key PPG, and the payment gateway public signature

verification key VPG.

In step 3 the payment gateway sends this application to the user.

3. Payment Gateway → X : payment application

As step 4, the user then installs this application on his/her PC, and the application automat-

ically generates and stores two key pairs for the user (one for creating and verifying digital

signatures as part of this application and one for setting up authenticated SSL/TLS sessions).

4. X: Install application and generate key pairs
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In step 5, the user transfers the public keys to the payment gateway, which creates certificates

for them both, and returns these certificates to the user. Note that one certificate should be

tailored to the requirements of this payment application, and the other should be suitable for

use in SSL/TLS client authentication.

5. X ↔ Payment Gateway : Submit public keys and obtain CertPX
and CertVX

The user then stores these certificates in the payment application.

8.4.3 Seller Block Certification phase

Once the seller and the buyer have agreed on the goods to be sold and the price for these

goods, the seller begins the process of creating the SBLK for that sale and having it certified

by the payment gateway to produce a certified seller block CSBLK. Typically, an SBLK

will contain the description of the goods, the price, and the seller bank account number.

The SBLK therefore allows the buyer payment to be made to the seller’s bank account. The

CSBLK is introduced to give the buyer confidence that the seller he is dealing with is genuine,

and to allow the payment gateway to check that the seller certificate has not expired or been

revoked.

First, the seller S initiates a communication session with PG. We assume that this com-

munications session offers confidentiality, integrity, and origin authentication, for example as

provided by the SSL/TLS protocol with both client and server authentication. S signs the

concatenation of his identifier and the SBLK, and then sends it, along with his signature

verification digital certificate CertVS
, to PG as step 1:

1. Seller → Payment Gateway : sSS
(idS ‖ SBLK) ‖ CertVS

After receiving the above message and successfully verifying the seller’s signature, PG uses

the financial network to ensure that the bank account number found in SBLK belongs to the
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identified seller. Once these checks have been successfully completed, PG creates a CSBLK,

which is a signature over the CSBLK expiry time T , the seller identifier idS , and the received

SBLK. I.e., CSBLK = sSPG
(T ‖ idS ‖ SBLK). PG then sends the CSBLK to the seller, as

step 2:

2. Payment Gateway → Seller : sSPG
(T ‖ idS ‖ SBLK)

8.4.4 The payment phase

After receiving the CSBLK back from the PG, the seller makes the CSBLK available to the

buyer by some means, e.g. by email or via the seller website. Thus step 1 is:

1. Seller → Buyer : CSBLK

The buyer then verifies the PG signature within CSBLK, using the buyer’s stored (trusted)

copy of the PG signature verification public key VPG. The buyer also checks that the expiry

time T has not passed, that the seller identifier idS is as expected, and that the contents of

SBLK are as expected.

The buyer next opens a communication session with the payment gateway PG. As in the

previous phase, we assume that this communications session offers confidentiality, integrity,

and origin authentication, for example as provided by SSL/TLS with both client and server

authentication.

In step 2, B instructs the payment gateway to communicate with the buyer bank to transfer

the amount specified in the CSBLK from his account to the seller account. B achieves this by

creating a signed message that contains the buyer identifier idB, the current time T , the buyer

account number, and the CSBLK. B sends this, along with the certificate for his signature

verification key CertVB
, to PG.
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2. Buyer → Payment Gateway : sSB
(idB ‖ T ‖ Buyer account number ‖ CSBLK )‖ CertVB

After verifying the signature, processing the payment instruction, and receiving a positive

response from the buyer bank that the money has been transferred, the payment gateway

PG sends a confirmation message (step 3) to both the buyer B and the seller S signifying

the outcome of the payment. It uses the field “result” to indicate whether the payment

has completed or failed. The message also contains a copy of the CSBLK created for that

payment.

3. Payment Gateway → Buyer, Seller :

sSPG
(T ‖ result ‖ idB ‖ idS ‖ Buyer account number ‖ CSBLK)

After receiving the payment confirmation (step 3) from the PG and successfully verifying

the PG signature, the seller checks the field “result”. If “result” indicates the payment has

completed, the seller releases the goods or services to the buyer.

8.5 Security analysis

In this section, we will examine to what extent the generic security requirements outlined in

section 8.3 are met by the proposed scheme.

8.5.1 Authentication

1. Entity authentication of the payment gateway to the seller. The seller uses the SSL/TLS

protocol with client and server authentication when initiating the communication session

in step 1 of the Seller Block Certification phase. SSL/TLS authentication is based on

public key certificates.

2. Entity authentication of the payment gateway to the buyer. The buyer uses the SSL/TLS

protocol with client and server authentication when initiating the communication ses-
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sion in step 2 of the Payment phase. SSL/TLS authentication is based on public key

certificates.

3. Origin authentication to the payment gateway for the payment instruction. The buyer

authorisation is sent in step 2 of the Payment phase, and it includes the buyer bank

account number and the CSBLK. This message is digitally signed by the buyer, thus

providing origin authentication, since no-one but the buyer has the private key necessary

to create the required signature.

8.5.2 Confidentiality

The scheme uses the SSL/TLS protocol to secure communication between the seller and the

payment gateway, and the buyer and the payment gateway. SSL/TLS provides confidentiality

for transferred data using symmetric encryption. Messages 1 and 2 of the Seller Block Cer-

tification phase, that contain SBLK, are sent through an SSL-encrypted channel. Moreover,

messages 2 and 3 of the Payment phase, which contain CSBLK, are also encrypted using

SSL/TLS. However, the CSBLK is not protected when it is sent from the seller to the buyer

in the Payment phase.

8.5.3 Integrity

1. Integrity protection for the payment authorisation sent by the buyer to the payment

gateway. The buyer payment authorisation in step 2 of the Payment phase is digitally

signed by the buyer and sent to the payment gateway along with the buyer signature

verification certificate CertVB
. The payment gateway can verify the integrity of the

buyer payment authorisation using the key VB recovered from the buyer certificate.

2. Integrity protection for SBLK and CSBLK. The buyer signature over message 1 of the

Seller Block Certification phase provides integrity protection for the SBLK sent to the

payment gateway. Moreover, the payment gateway constructs the CSBLK by signing
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the SBLK (step 2 of the Seller Block Certification phase). Therefore, the buyer and the

seller can verify the integrity of the CSBLK contents.

8.5.4 Non-repudiation

1. Non-repudiation of the seller payment. The buyer can use the message received in step 3

of the Payment phase as evidence that the payment has taken place, since the payment

gateway signs this message, and it includes a data item “result” which indicates whether

or not the payment has taken place. There is a possibility that the payment gateway

might not send the above message even though it has already received the payment

message from the buyer. In this case, the buyer does not know whether the transaction

was aborted or finalised; however, the buyer can ask his bank for an account statement

which can act as a replacement for this receipt.

2. Non-repudiation of origin for the buyer payment instruction sent to the payment gate-

way. This requirement is met, because the buyer signs the message in step 2 of the

Payment phase, and the PG can verify the buyer signature using the buyer certificate.

8.5.5 Mobility and user privacy

The proposed scheme assumes that the buyer is using a PC which contains his public key

pair. Therefore, the buyer is restricted to use of this particular machine whenever a payment

transaction is to be made. Regarding user privacy, the scheme allows the buyer and the seller

identities to be known to each other and to the payment gateway. Moreover, the payment

gateway knows the details of the goods being bought.

160



8.5 Security analysis

8.5.6 Advantages of the scheme

One advantage of this system is its auditability. Once a payment transaction has finished,

the buyer can determine who authorised the payment, and that the payment transaction was

credited to the seller bank account. In addition, the model is resistant to fraud because the

payment gateway will only accept payment instructions from the buyer himself, so it only

has to authenticate that it is talking to the person who owns the account being charged, and

it does not have to rely on any other party. However, a disadvantage of this model is that

the seller must receive a payment confirmation before it releases the goods or services to the

buyer.

Guarantee of payment to the seller is clear in this system since the buyer will ask the payment

gateway to instruct his bank to transfer the specified amount of money to the seller bank

account, which could be an immediate transfer or might take some time. In the latter case,

the payment gateway has already received a positive response from the buyer bank, which is

a payment guarantee for the seller and allows him to ship the goods. The payment gateway

provides liability protection for the seller because it provides him with proof that the buyer

bank has authorised the payment to the seller bank account.

8.5.7 Some potential problems

We next briefly mention two possible problems with the proposed scheme.

• A potential problem with this scheme is that it possesses a central point of attack. The

payment gateway is trusted by all participants to make trustworthy decisions about the

authenticity of a participant. Compromise of the payment gateway would be disastrous.

The effects of a denial of service attack on the payment gateway are also severe. Obvi-

ously, the usefulness of a system like this also increases in proportion to the number of

users who subscribe, although the effects of an outage (deliberate or accidental) also in-
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crease. One solution to such problems of service availability is for the payment gateway

to employ replication to increase availability.

• Sellers should be able to refund payments to buyers if necessary, although this is not

supported by the scheme as described above. However, the seller can be asked to send

a digitally signed document to the payment gateway promising to repay the price of

the goods, if they are not delivered to the buyer. The payment gateway could hold this

signed statement, giving the buyer a guarantee that he will be repaid if the goods are

not delivered.

• The proposed scheme will be easier to implement in a country where all banks are

assumed to have relationships with each other and are governed by a single authority.

However, implementing the system in a worldwide scenario will depend on the number

of banks who have relationships with each other.

8.6 Conclusion

In this chapter we have proposed a scheme designed to enable Internet person-to-person

payments. We have described the scheme in detail, and explained how it meets the identified

security requirements. The scheme uses existing relationships between buyers, sellers, and

their respective banks to perform remote payments and to link payment details to the goods

being sold.

The protocol uses the Internet to exchange messages between the participants; therefore it

is assumed that all participants have access to the Internet. The protocol has the advantage

of using the existing relationships between users and their banks. One possible disadvantage

of the protocol is that it requires the users to have public key pairs. This key pair would

typically be stored in the users PC, and hence the user has to use this particular machine

whenever a transaction is to be made. By contrast, the schemes described in chapter 3 are

easier to use since they require only an e-mail address; however, they have the disadvantage
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that they require users to transfer money from their bank account to their account with the

scheme provider.
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This chapter proposes a scheme that supports secure anonymous electronic charity donations.

First, a model for a secure electronic charity donation scheme is described (section 9.2). We

then identify the security requirements such a scheme should fulfill (section 9.3), and propose

a scheme that uses an anonymous electronic cash technique to make donations, and that

employs smart cards for donation distribution (section 9.4). Finally, we analyse how the

proposed scheme matches the identified security requirements (section 9.5). Conclusions are

provided in section 9.6.

Note that much of the material in this chapter has previously been described in [9].
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9.1 Introduction

Individuals are increasingly prepared to donate on-line. According to [23], of those Internet

users who are likely to make a donation on-line, 52% have purchased a product or service

over the Internet, making on-line buyers more likely to give on-line than other Internet users.

Although the necessary technology is already in place, many charities do not take advantage of

the ubiquity of the Internet and recent developments in smart card technology. Nevertheless,

some charities have established their own web sites with debit/credit cards as the means for

making donations.

As discussed in chapter 3, a major advantage of debit/credit card electronic payments is their

ease of use and scalability. However, a disadvantage of such payments is that they do not

offer anonymity, and hence privacy concerns are a potential barrier to on-line donations just

as is the case for e-commerce transactions. According to [23], concerns about privacy and

credit card security remain high. 71% of donors said they were concerned about the security

of their personal information on-line. Nearly 90% said they would never give their credit card

information out to a charity. Therefore, donating on-line using a debit/credit card payment

does not satisfy the anonymity requirements of many donors. The current situation could be

changed if a new electronic payment scheme for charity donations can be devised.

In this chapter, we introduce the concept of e-donation, the electronic counterpart of a char-

ity donation. We propose a scheme that allows donations to be made anonymously and

distributed to recipients using smart cards, allowing recipients to redeem their e-donations

directly from a shop. In particular, the scheme involves the donor contributing a specific

amount of money to the charity, which then arranges for the recipient to receive goods of

precisely the value contributed by the donor. Moreover the donor can specify the nature of

the goods to be made available to the recipient. Whilst this is not a model of charitable

donation of general applicability, it matches the particular requirements of certain scenarios,

notably the obligation on Muslims to make donations during Eid (see section 4.5).
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9.2 A model for electronic charity donations

In this section, we describe our model for Internet charity transactions. The model identifies

the entities involved and includes a brief description of their interactions.

9.2.1 Participants

We first define the participants in our model.

• Donor (D): A person who wishes to donate to a charity anonymously using the Inter-

net.

• Charity (C): This is an intermediary between the donor and the recipient. It generates

and issues e-donations to the recipients. It trusts the Pseudonym Server to issue valid

electronic coins to the donors. It issues smart cards to its registered participants, and

determines which recipients receive charitable donations. It also maintains relationships

with stores from whom its registered recipients may redeem donations.

• Recipient (R): A recipient is the entity that receives goods when redeeming an e-

donation from a participating store. Each recipient has a smart card supplied by his

charity. This card holds e-donations (specifying particular goods) issued by the charity

which the holder can redeem from a participating store at a convenient time.

• Store (S): This is an entity willing to sell its goods through participation in the scheme.

It has an agreement with a charity to exchange e-donations generated by that charity for

goods described in the e-donations. It uses a smart card terminal to receive e-donations

from the recipient smart card.

• Certification authority (CA): A trusted entity that generates public key certificates

for charities, stores, and the pseudonym server.
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• Pseudonym server (PS): A trusted entity that will bind cryptographic data to par-

ticipants. It provides an infrastructure for issuing anonymous identities and electronic

coins to donors. It is trusted not to revoke the anonymity of a donor at any time, ex-

cept under certain conditions agreed upon by all participants. It is trusted by all other

parties and should be managed in such a way that fraud is very unlikely. To cover the

operational costs of providing this kind of service, the PS might make a charge to the

donor and/or the charity.

Trust is a critical issue in payment systems. In our model, we assume that the store and

the charity trust each other. This trust is likely to be explicit as the store and the charity

would be expected to have a formally established agreement that defines the trust and liability

relationship. The donor trusts the charity to deliver his donation to a deserving recipient.

The donor might need a receipt for his donation from the charity to prove it has been issued

to a recipient. All participants trust the CA and the PS to be honest.

9.2.2 Interactions

E-donation will provide a recipient of charity with the digital representation of a right to

claim goods of a specified type from a participating store. A participating store will first need

to decide which types of goods it will make available for distribution via charitable means

— for each such item it will generate an e-donation token. Each such token is a simple data

structure containing a description of the goods to be purchased. Associated with each token

will also be the cost for a donor to purchase a right for a recipient to receive the goods specified

in the token. The charity publishes these e-donation tokens via its web site.

When a donor wishes to donate (see figure 9.1), he first contacts the PS to get an elec-

tronic cash coin which can only be used to donate to a charity, and an anonymous identity

(pseudonym) used when communicating with a charity. After selecting the kind of donation

he wishes to make at a charity web site, the donor makes the donation using the electronic
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cash coin received earlier from the PS. In response the charity generates an e-donation that

satisfies the donor requirements, and keeps it in a database.

When the charity decides to issue an e-donation to a recipient, it retrieves this e-donation

from the database and loads it into the recipient’s smart card. The recipient collects the

goods from a participating store in exchange for the e-donation contained in the smart card.

At a later stage, the store sends all the redeemed e-donations to their respective charities for

clearing.

An advantage of our scheme is transparency, i.e. the donor knows that a recipient will receive

goods exactly as specified by the donor. Moreover, the charity does not need to be contacted

during each redemption.

Donor

Charity

Recipient

StorePseudonym Server

CA

tok
en

s
Anonymous identity&
e-cash coin

e-cash coin

e-donation

goods

e-donation

Figure 9.1: Secure electronic payment scheme for charity donations
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9.3 Security requirements

The purpose of the scheme is to facilitate the transfer of donations from donors to recipients.

However, the scheme provides the potential for considerable financial gains for those who

attack it successfully. Therefore security measures must be provided to protect e-donation

transactions. We discuss the security requirements that our scheme should satisfy.

9.3.1 Donor Anonymity

As previously discussed, donor privacy is important. This is especially important in an

Internet environment where information may travel through network segments that are not

necessarily trusted. The donor wants anonymity for his donation; neither the charity nor

the recipient should be able to learn the donor’s real identity. There are many reasons why

anonymity might be required in a payment system [20]; in this case, the donor might not

wish charities to be able to link different donations together and build a profile of his/her

behaviour.

However, there are situations where anonymous payments can be misused for criminal activ-

ities [89]. Furthermore, there may be regulatory and legal constraints limiting anonymous

donations. In order to make an anonymous electronic charity payment system acceptable to

both donors and governments, a mechanism for limiting donor anonymity may also be needed.

9.3.2 Double-spending

Double-spending refers to the possibility of fraudulently spending the same e-donation more

than once. Since e-donations are in digital form, they can readily be duplicated by the store

or by the recipient, who may also blame each other for any fraudulent behaviour. If double-

spending does take place, the charity will not know this until the store(s) involved send(s)
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the redeemed e-donations for clearing.

The scheme should protect against recipients attempting to redeem the same e-donation more

than once and against stores attempting to deposit an e-donation multiple times. Ideally

such double-spending or double-depositing should be prevented, although detection must be

possible where prevention is not. Moreover, only the cardholder should be able to initiate a

redemption transaction. Stores must be able to detect attempted double-spending without

requiring any on-line verification from charities.

9.3.3 Integrity

E-donation data may be manipulated to attack the system. For example, a dishonest recipient

may try to change an e-donation to extend its validity period or increase its value. Alterna-

tively, an operator of a false or manipulated store terminal may interrogate the recipient’s

card and extract information which can later be used to obtain goods from a genuine store

(at the expense of the genuine recipient). To combat these threats, it must not be possible

to successfully fake or modify an e-donation.

9.4 The scheme

We now present a secure electronic payment scheme for charity donations. The proposed

scheme is composed of five phases: the Initialisation phase, in which the store provides

the charity with e-donation tokens that can be redeemed from the store during a specified

interval of time; the Anonymity phase, in which the donor obtains an anonymous identity

and an electronic coin from the PS; the E-donation definition phase wherein the donor selects

an e-donation token to donate and pays for it; the Donation phase during which the charity

loads the e-donation into a recipient smart card for redemption from a participating store;

and the Redemption phase wherein the recipient pays an e-donation to a participating store
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in exchange for the described goods.

9.4.1 System set up

When initially establishing the system, the PS must decide on a number of fundamental

system parameters, which must be reliably communicated to all parties within the system.

These include selecting:

• A signature algorithm,

• A Message Authentication Code algorithm,

• A scheme to generate Anonymous Public Keys (APKs) and APK certificates (see sec-

tion 2.4.3), and

• An anonymous electronic cash system with revocable anonymity that the PS must

operate; an example of such a system is given in [37]. The proposed scheme requires

the e-cash system to possess three main functions (typically involving special purpose

exchanges of messages):

1. Withdraw(val): A donor withdraws a coin c of value val from the PS.

2. Payment(c): A donor pays a charity a coin c to make an e-donation.

3. Deposit(c′): A charity deposits a spent coin c′ with the PS which credits the charity

account with the amount of val.

The CA must also generate its own signature key pair used for generating public key cer-

tificates, where, as throughout this thesis, the CA-generated certificate for public key PX is

written as CertPX
.

Prior to use of the system, every participating charity and store must generate and securely

store their own secret MAC keys, denoted KC and KS respectively. Additionally, the partic-
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ipating organisations (charities, stores, and the PS) must register with the CA operating the

system. Registration will involve the organisation (X say):

• Generating a signature key pair, with private key SX and public key VX ,

• Obtaining a certificate CertVX
for VX from the CA, and

• Obtaining a reliable copy of the public certificate verification key of the CA.

Each recipient R must be issued with a smart card by a charity, where smart card personali-

sation and issue involve the following steps.

1. The recipient card must be equipped with a signature key pair.

2. During smart card personalisation, the charity stores in the card a copy of the CA public

key, the card expiry date, the charity public key certificate CertVC
, the card public key

certificate CertVR
signed by the charity, and the recipient unique identifier idR.

3. To prevent misuse of stolen or borrowed cards, we assume that the entry of a PIN by

the authorised cardholder is required to use a recipient card.

9.4.2 Initialisation phase

In this phase the store provides the charity with a token that can be used as the basis of

e-donations to be redeemed from the store during a specified interval of time. I.e.

token = s data ||MACKS
(s data)

where

s data = Item || V alue ||Expiry || idS || idC

and where Item specifies the goods, V alue denotes the cost of the goods, Expiry indicates

the expiry date of the token, and idS and idC are identifiers for the store and the charity

respectively.
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The MAC protects the integrity of the token. The charity publishes the received e-donation

tokens on its web site. This gives the donors choices for their donations.

9.4.3 Anonymity phase

This phase involves the donor and the PS. A donor must first obtain an APK certificate from

the PS (see section 2.4.3). Donors then withdraw electronic coins from the PS, where these

electronic coins can only be used to purchase e-donations from a participating charity. The

electronic cash system is operated by the PS, which acts as a bank to donors and charities.

We now describe the Anonymity phase:

1. If the donor D does not already have an APK certificate, then the donor generates a

signature key pair (with private key SD). This key pair must be suitable for use with

the APK scheme in use.

2. The donor visits the PS web site and submits: the donor identity idD, the amount val

to be donated, payment information (e.g. an account number), and the public key to

be anonymously certified.

3. After collection of the payment from the donor using the specified payment information,

the PS uses the provided donor public key to create the anonymised donor public key

PD, and generates an APK certificate CertPD
for PD.

4. The donor uses the PS withdraw function to obtain a coin c of value val. The donor

can use this coin to make an anonymous e-donation to a participating charity.

9.4.4 E-donation definition phase

This phase starts when a donor visits a charity web site and decides to donate through this

charity. After browsing through the available e-donation tokens provided by participating
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stores, he selects the token that satisfy his requirements for value, donation type (e.g. food

or clothing), validity period, and location where the e-donation will be spent. The donor

then sends an e-donation request to the charity. To construct the request, the donor signs

a message (step 1) that contains the selected charity token and a time stamp T to ensure

message freshness. The donor sends the message, along with his APK certificate CertPD
, to

the charity.

1. Donor −→ Charity : sSD
( token || T ) || CertPD

After successful verification of the donor certificate, the signature on the message, and the

expiry date within token, the charity creates an entry c data in a donation requests database.

We assume that the charity keeps a database of all donation requests received and awaiting

use for generation of an e-donation. That is, the charity generates

c data = token ||Serial number ||Creation time

where Serial number is a number that uniquely identifies this entry, and Creation time

indicates the date/time that the entry was created by the charity.

On generating the entry, the charity signs and sends a response message to the donor (step 2).

The message contains a signed copy of the generated entry, along with the charity signature

verification key certificate CertVC
.

2. Charity −→ Donor : sSC
( c data) || CertVC

On receiving the above message, the donor verifies the signature and that the entry was

generated according to the donor requirements. If successful the donor and the charity engage

in an electronic cash payment protocol that allows the donor to pay the coin c to the charity

for the generated entry.
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3. Donor ←→ Charity : Payment (c)

Upon receiving the payment from the donor, the charity interacts with the PS in an electronic

cash deposit protocol to deposit the received coin c′.

4. Charity ←→ PS : Deposit (c′)

If successful the charity adds the generated entry c data to its database of donation requests.

The donor must trust the charity to spend the donated coin in the way requested.

9.4.5 Donation phase

In this phase, the recipient smart card and the charity terminal engage in an authentication

protocol, during which the recipient smart card receives e-donations. This protocol conforms

to the mutual entity authentication mechanism specified in clause 5.2.2 of ISO/IEC 9798-3

[52].

This phase begins when the recipient presents his card to the charity to receive e-donations.

First, the charity terminal reads the recipient’s identity idR and the recipient card public key

certificate CertVR
from the card. Then, the charity generates a random number R1, stores it,

and sends it to the recipient card along with its unique identifier idC (step 1).

1. Charity −→ Recipient card : R1 || idC

After receiving the message in step 1, the recipient card generates and stores a random number

R2 as a challenge to the charity. It then creates a signed message that contains R2, the charity

identity idC and the received random number R1. The recipient card sends the generated

signature to the charity terminal along with R2.

2. Recipient card −→ Charity : sSR
(R1 ||R2 || idC)
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After receiving the message in step 2, the charity terminal retrieves the recipient card signature

verification key from CertVR
and uses it to verify that the received signature is valid. Moreover,

it checks that the value of R1 included in the message is the same as the value the charity

terminal sent in message 1. If the verification fails, the process is terminated and the card

is rejected. Otherwise, the charity terminal generates a response message that contains an

e− donation and sends it to the recipient card.

When a charity chooses to issue an e − donation to a recipient, it retrieves an entry c data

from the donation requests database and adds Issue time, the current date/time, and the

recipient unique identity idR to that entry. Then, using its secret key KC , the charity terminal

computes and adds MACKC
(c data || Issue time || idR)) to the retrieved entry. Thus,

e− donation = c data || Issue time || idR ||MACKC
(c data || Issue time || idR)

The charity terminal now creates a signed message that contains the random numbers received

in step 2, the recipient identifier idR, and the e−donation. The charity sends the e−donation

and the generated signature to the recipient card.

3. Charity −→ Recipient card : e− donation || sSC
( R2 ||R1 || idR || e− donation)

Upon receiving the message in step 3, the recipient card verifies the stored charity public

key certificate to obtain the charity public key and uses this to verify the signature. It then

checks that the values of R1 and R2 are the same as the values that were sent in message 2. If

the check fails, the process is terminated and the card does not accept any information from

the terminal. Otherwise the card updates its stored list of e-donations. We assume that the

charity keeps a database of all e-donations issued during a specific period. The charity also

deletes the c data used in the e− donation generation from the donation requests database,

and adds an entry to the e-donations database.
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9.4.6 Redemption phase

In this phase, the recipient card and the store terminal engage in an authentication protocol,

during which the store terminal retrieves an e-donation stored in the recipient card. Goods

as specified in the e-donation are then provided to the recipient by the store. The recipient

must trust the store terminal not to remove e-donations from the card that are not authorised

by the recipient.

The store terminal first retrieves from the card the recipient unique identity idR, the card

expiry date, the charity public key certificate, the recipient card signature verification key

certificate, and the list of e-donations. If the card has not expired, the store terminal first

verifies the charity public key certificate using its stored copy of the CA public key, and then

uses the recovered charity public key to verify the recipient card public key certificate. If

successful, the store terminal then displays to the recipient a list of unredeemed e-donations,

from which the recipient selects the one that is to be redeemed. Moreover, the store terminal

asks the recipient card for a challenge.

1. Store −→ Recipient card : e-donation to be redeemed

The recipient card responds by generating and storing a random number R3, which it sends

to the store terminal (step 2).

2. Recipient card −→ Store : R3

After receiving the message in step 2, the store terminal generates and stores a random number

R4 as a challenge to the recipient card. It then creates a signed message that contains R4, the

store identity idS and the received random number R3. The store terminal sends the generated

signature to the recipient card along with the store signature verification key certificate CertVS
.

3. Store −→ Recipient card : sSS
( R4|| idS ||R3)|| CertVS
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When the recipient card receives the message in step 3, it uses the stored CA public key to

verify the store’s signature verification key certificate. If the verification is successful then

the card uses the store’s public key to verify the received signature. If the signature verifies

successfully, the recipient card first checks that that R3 and idS are correct, and then responds

with a message that contains the selected unspent e-donation and a signature computed over

the concatenation of that e− donation, R4, R3, and the identities of both the recipient and

the store.

4. Recipient card −→ Store : sSR
(e− donation ||R4||R3 || idR || idS)

Upon receipt of the message in step 4, the store verifies the recipient card signature. Moreover,

the store checks that the values of R3 and R4 included in the message are the same as were

sent in message 3. If the signature verifies successfully and the check succeeds, then the

store uses its secret key KS to recompute MACKS
(s data) and then checks the result against

the MAC in the token, contained in the received e − donation. If the check succeeds then

it accepts the e − donation as valid and proceeds with providing the goods specified in the

e − donation to the recipient. Moreover, the recipient card marks the e − donation used in

message 4 as spent.

To help protect the card against fraud by the store, the recipient card logs message 4 for later

settlement by the charity.

Similarly, protection of the store against the recipient is provided by exchanging the goods

stated in the e− donation for the message in step 4. The store later uses message 4 to collect

the corresponding monetary amount from the charity. Typically, the transactions would be

sent in a batch, signed by the store so that the charity can verify the integrity and authenticity

of the transaction batch.

When the charity receives a copy of message 4 from the store, the charity uses its secret key

Kc to verify that the MAC value in e − donation is valid. Moreover, it uses the value of
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idR recovered from the received e− donation to retrieve the signature verification key of the

recipient smart card from its database. The charity verifies that the signature received in step

3 is valid, giving the charity assurance that the intended recipient has received the donated

goods.

9.5 Security analysis

In this section, we examine to what extent the generic security requirements outlined in

section 9.3 are met by our scheme.

9.5.1 Donor Anonymity

The anonymity of the donor is protected from the charity using the APK certificate, which

allows a donation to be made to a charity without revealing the donor’s real identity. Although

the donor is not anonymous to the PS, since the donor makes a payment in exchange for an

APK certificate and an electronic cash coin, it is not possible for the PS to know what donation

a donor makes because the coin used to make the donation is anonymous. The PS would

need to deanonymise the coin deposited by a charity to reveal the identity of the withdrawer.

9.5.2 Double-spending

Protection against e-donation double-spending is provided by means of smart cards. Our

e-donation scheme is an off-line system, i.e. the store does not need to contact the charity

during every redemption performed by a recipient. Instead, the scheme relies on a tamper-

resistant recipient card that uses cryptographic means to recognise when it is communicating

with a member of the scheme (i.e. a charity or a store). The charity and the recipient trust

the recipient card to update its list of e-donations every time it is involved in a donation or

redemption transaction with a member of the scheme. Moreover, since the recipient card is
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tamper-resistant, an attacker cannot modify the card contents without permanently damaging

the card. Therefore, the recipient cannot benefit more than once from the same e-donation.

Of course, no card is completely tamper-resistant, and the cost associated with setting up the

scheme may be significant.

The charity also maintains a database of all the e-donations which have been issued. The

charity uses the redeemed e-donations received from stores and recipient cards logs to detect

and deal with double-spending after the event.

Typically, an e-donation would have a limited validity, e.g. the recipient will have a limited

number of days to redeem the e-donation, in order to minimise the risks of forgery and to

limit the size of the e-donation database. This database will be large, but not infeasibly so.

There will need to be one database record per generated e-donation.

9.5.3 Integrity

Integrity protection for the e-donation data is accomplished using MACs and digital signa-

tures. Calculating a MAC over parts of the messages exchanged using a key known only to

the authorised parties provides evidence to the verifier that the message content has not been

altered or destroyed, accidentally or with malicious intent, since it was created.

For example, if an attacker decided to change the Item field found in the s data part of

e− donation to his benefit, the attacker would need to modify MACKS
(s data) to reflect the

new value of the Item field. However, our scheme assumes that no one other than the store

who computed the original MACKS
(s data) knows the key KS . Moreover, we assume that

the MAC function used is secure. The use of a MAC thus prevents such an attack.

On the other hand, theft of e-donations paid to a store is prevented by making such e-

donations depositable only by that store. This is done by including the identity of the store
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in the signature sSR
(e−donation||R4||idR||idS), which is created by the recipient card in step

4 of the Redemption phase.

9.5.4 Denial of service

An attacker could advertise ‘fake tokens’, containing a dummy MAC. Everything will work

— the donor can ‘buy’ the token, the charity will debit the donor’s bank account, and the

recipient will get the value. However the recipient will be left with an unredeemable gift,

since it is based on a false token which the genuine store will reject (the MAC will be wrong).

9.6 Conclusion

In this chapter we have proposed a scheme to make and distribute charitable donations

electronically using the Internet and smart cards. We have described the scheme in detail,

and explained how it meets the identified security requirements.

The infrastructure for the proposed scheme is complex. It requires the presence of a cer-

tification authority, and the pseudonym server to issue anonymous identities and electronic

coins to the donors. The charity must maintain a web site to publish e-donation tokens and

receive payments from donors. Moreover, the charity is expected to have the capability to

issue smart cards to the recipients, and to provide card readers to load e-donations onto the

recipient cards. Every merchant is required to install card readers at their stores to read

e-donations from the recipient cards. Also, the merchant and the charity are expected to set

up a secure link when sending e-donation tokens and redeeming e-donations. The donor is

expected to have a PC and an Internet connection.

While the certification authority and the pseudonym server may cover their running cost by

charging participated charities, these two entities could be removed to simplify the scheme
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(at the cost of losing anonymity for the donor) and to reduce its cost. The initial investment

by the charity to set up the scheme could reduce the cost of distributing donations in the long

run. Moreover, the charity is not expected to make a profit but only to cover its operational

costs. The store’s initial investment to set up the scheme will be paid back by the increase

in sales of its goods.
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10.1 Summary and conclusions

This thesis deals with secure electronic payment systems. The primary goal of the research

described above was to develop secure payment schemes that satisfy the requirements posed

by Islamic finance principles, which forbid the payment or receipt of interest. The main

contribution of this thesis is to propose three protocols that can be used to conduct secure

electronic commerce transactions based on Murabaha sale, and a scheme to allow Islamic

charities to receive and distribute Zakat donations.

The properties that distinguish the various types of electronic payment systems have been

identified. Our review of selected electronic payment systems (chapter 3) indicates that such

a system can be used by a Muslim as long it does not involve paying interest on payments.

However, the review also highlighted the inadequacies of these schemes for Muslims when

they wish to buy goods on credit, either at point of sale terminals or using the Internet.

While face-to-face EMV debit card transactions are consistent with Islamic finance principles,

since the payment is cleared immediately without payment of interest, EMV credit card

transactions are not, since they involve dealing in interest. In chapter 5, a way to use an EMV

card to conduct secure Murabaha transactions at the point of sale has been described. The

scheme provides cardholder authentication, confidentiality, integrity, and non-repudiation. An

advantage of the proposed extension to EMV is that the modified scheme does not involve

any changes to EMV card functionality, i.e. an existing EMV card could be used to perform

a Murabaha transaction. However, the scheme requires merchant terminal firmware to be

upgraded, and both the acquirer and the issuer transaction processing software to be modified.

In chapter 6, we propose a method to conduct secure electronic Murabaha transactions on

the Internet. An online Murabaha transaction involves more participants and different trans-

action interactions than those in conventional online purchases. The scheme uses public key

cryptography to provide security services and to satisfy Murabaha requirements. A significant
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advantage of the scheme is that the buyer does not need to send any private information via

the merchant, unlike in conventional e-commerce schemes where a credit card number is sent

to a merchant protected using SSL/TLS. The scheme also keeps the identity of the buyer

anonymous to the merchant, since the buyer does not need to reveal his identity to anyone

other than the provider. Whilst the Murabaha transaction scenario described in this thesis

is based on SET, other methods of Internet payment could easily be used to complete the

transaction. SET has been used here primarily for the purposes of illustration.

The protocol described in chapter 6 requires the buyer to have a public key pair. This key

pair would typically be stored in the buyer PC, and hence the buyer has to use this particular

machine every time a transaction is to be made. Although a smart card could be employed

to store the key and enhance mobility, not many user PCs are equipped with smart card

readers. Therefore, with the goal of supporting user mobility, in chapter 7 we propose a

GSM/UMTS-based scheme that does not require such a key pair to be generated; instead its

security relies on the secret keys stored in a GSM SIM. Basing security on a mobile phone

also inherently supports a level of user mobility.

Debit/credit cards provide a simple way for individuals to pay businesses for products and

services, but they do not provide private individuals with the means to make payments to one

another. There do exist schemes by which a payer can make a payment to anyone with an

e-mail address. However, these schemes require both the payer and the payee to move money

from their bank accounts to their account with the scheme provider in order to benefit from

the service. Moreover, the payment instruction does not contain any information that links

the goods being sold to the payment itself. Therefore, these schemes are not particularly

appropriate for the case where a payment is made in exchange for goods. In chapter 8 we

propose a new person-to-person Internet payment system that uses the existing relationships

between buyers, sellers, and their respective banks to perform remote payments, and to link

payment details to the goods being sold. The scheme uses SSL/TLS and additional signature

key pairs to provides authentication, confidentiality, integrity, and non-repudiation.
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10.1 Summary and conclusions

Islamic charities still use manual methods to receive and distribute Zakat donations. This

method has a high overhead in terms of storage of donated goods and the time consumed in

distributing them. Recent developments in smart card technology and the popularity of the

Internet could be used to make charitable donations easier and more cost effective for donors,

charities, and recipients. In chapter 9 we therefore introduce the concept of e-donation, the

electronic counterpart of a charity donation. We propose a scheme that allows donations to

be made anonymously and distributed to recipients using smart cards, allowing recipients to

redeem their e-donations directly from a shop. In particular, the scheme involves the donor

contributing a specific amount of money to the charity, which then arranges for the recipient

to receive goods of precisely the value contributed by the donor. Moreover the donor can

specify the nature of the goods to be made available to the recipient. Whilst this is not a

model of charitable donation of general applicability, it matches the particular requirements

of certain scenarios, notably the obligation on Muslims to make donations during Eid.

Differing characteristics of local environments have created a significant level of variation

in the acceptance and growth of e-commerce in different regions of the world. Consumer

participation in e-commerce is impacted by access to technology (computers, connectivity,

and gateway to Internet), and payment systems for enabling transfer of funds. Access to

technology is in a constant state of change and improvement, and we suggest that, in a rela-

tively short time, they will cease to be a very significant obstacle to e-commerce development

in many Muslim countries. A review of the involvement of Islamic banks with e-commerce

technologies has to date been quite limited.

We think that Islamic banks have an important reason to pursue the conduct of e-commerce.

If they fail to respond to the opportunities posed by the Internet and smart card technologies,

they could be consigned to a largely secondary role as commerce is increasingly conducted

electronically. This thesis has demonstrated that it is possible to design traditional Islamic

banking products more efficiently and to develop and sell new products sought by e-commerce

participants. Moreover, this thesis has proposed a new area for researchers in electronic
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payment systems, namely to propose new ways to design the electronic equivalents of Islamic

banking products, or to evaluate existing schemes.

10.2 Suggestions for future work

This thesis represents a first attempt to design secure electronic payment schemes aimed at

Islamic financial instruments. It is likely that there are many other ways of constructing

electronic payment schemes consistent with Islamic principles, perhaps based on some of the

other electronic payment schemes examined in chapter 3. Moreover, the thesis suggests that

there are many possible directions in which to continue the research, especially with regard

to the other financial instruments presented in chapter 4.

The design of the new secure electronic Murabaha transaction indicates that there is still

scope for innovative transaction models on the Internet. The proposed scheme in chapter 6

was built upon SET to create a secure e-commerce Murabaha transaction. One obvious

area for future work would be to modify recently developed and emerging secure e-commerce

payment schemes to support Murabaha payments, notably Visa 3-D Secure. It would also

be interesting to investigate how an EMV card can be used to help conduct a Murabaha

transaction on the Internet.

The scheme proposed in chapter 9 uses smart cards for the distribution and redemption of

charitable donations. The increase in ownership of mobile phones suggests that they could

be used as a substitute for smart cards in this scheme. It would therefore be interesting to

investigate how the proposed scheme could be modified to allow the recipient to receive and

redeem e-donations using a mobile phone instead of a smart card. This would clearly avoid

the costs of personalising and issuing a separate smart card to each recipient.

The security analyses performed on the proposed schemes was informal, and we have built the

proposed schemes out of existing/standardised schemes as much as possible, in the belief that
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re-using protocols which have existing proofs of security should help yield secure mechanisms.

However, it would be of interest to evaluate the security properties and efficiency of the

proposed schemes using mathematical techniques. This is a particularly challenging and

time-consuming task given the complexity of electronic payment protocols.

The schemes presented in the thesis were not implemented, and it would also be useful to

validate them by means of practical tests. It is likely that new issues will emerge from

such prototyping, and the proposed protocols are likely to need to be modified accordingly.

However, prototyping would certainly give no guarantees about the security of the schemes.

One of the most significant advantages of smart cards and electronic communications is the

potential for reducing the physical storage needs for transaction records, and for speeding up

the conclusion of transactions. In Saudi Arabia today, a real estate sale transaction is usually

concluded in a land registry office with the buyer and seller present. When the buyer confirms

receipt of payment from the seller (e.g. in the form of a cashier cheque) to the land registry,

the title is transferred to the buyer. In addition, the land registry records are updated based

on the outcome of the sale. However, performing this manual process is time consuming for

all parties involved. It would be interesting to investigate the possibility of conducting an

electronic real estate transaction that binds the title transfer to an electronic payment and

to use smart cards as a secure device for storing the real estate title details.

Finally, the scale of online trading in stocks is rapidly growing. In current online systems,

including stock exchanges, brokers act as trusted intermediaries between customers. Brokers

guarantee the financial status of customers, and provide anonymity in the market. However,

there is currently no electronic means for customers to buy shares on a Murabaha basis.

It would be interesting to investigate how the role of brokers might be extended to include

buying shares for customers on a Murabaha basis.
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