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0 Management Summary
This report is attempting to categorize and explain various types of liquidity saving
algorithms, using examples from various clearing systems (see Chapter 1). Altogether
there are four types (wait queue optimizing, limit management, liquidity spooling, and
pre-determined settlement times) with a series of sub-types. Two specific strategies are
used primarily to optimize clearing systems for payment traffic: The resolving or
avoiding of gridlocks on one hand, and the reduction of superfluous liquidity on the
other. For a short while now, a series of algorithms is being used in systems such as
RTGSplus, NewCHIPS, RITS and others to both prevent and resolve gridlocks, as well
as for saving liquidity.

The legal basics of some individual measures are briefly explored in Chapter 2.

Chapter 3 focuses on both practical experiences and simulation results which allow for
conclusions about the efficiency of specific measures. Due to the fact that many of the
examples for liquidity saving algorithms described below have only been implemented
recently and therefore do not yet allow for conclusions about their effectiveness, the
simulation results are of added significance. Generally, both RTGS and netting
systems work best with sufficient liquidity in the system. Liquidity supply generates
expenses just as much as non-immediate finality of payments due to (time) delaying
netting mechanisms or the delay of payments due to gridlocks caused by a lack of
liquidity in the system. Providing free intraday liquidity in connection with the splitting of
very large payments presents an exceptionally efficient method for obtaining and
enhancing the efficiency of a clearing system.

In Chapter 4 an analysis attempt is made as well as the assessment of the impact of
the identified liquidity saving algorithms. The fifth chapter explores the suitability of the
various measures for the SIC system. Empirical values prove that the SIC system has
a relatively low tendency for gridlocks. This may be due to the fact that fundamental
aspects, such as the delivery conduct of the individual participants as well as the
interplay between participants and system manager have been resolved successfully.
The potential implementation of liquidity saving algorithms should always be assessed
by the liquidity cost balanced against the risk expenses for payments received late. The
primary basis for the clearing system’s optimum performance is the system
participants’ accurate performance: Even the most finely tuned mathematical algorithm
cannot make up for the carelessness on the part of an individual participant. But
beyond that the SIC system is simply the highest capacity RTGS system worldwide.
Simulations tend to show that liquidity saving algorithms perform the most successfully
in systems lacking adequate incoming liquidity due to insufficient transactions. The
bottom line for Swiss Interbank Clearing seems to be that we should probably refrain
from implementing further liquidity saving algorithms within the SIC system for the time
being.

1 Die Various Types of Liquidity Saving Algorithms
To best achieve a useful typology of liquidity saving algorithms we suggest a
differentiation of five basic types:

� Circles processing
� Wait queue optimizing: Circles processing plus additional methods
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� Limit management
� Liquidity spooling
� Pre-determined settlement times

These types are described briefly below and, wherever possible, illustrated with
examples from selected systems. The individual types often appear in connection with
each other, e.g. circles processing in connection with wait queue optimizing.

1.1 Wait Queue Optimizing
Description:
For wait queue optimizing, the emphasis is on the best possible organization of the wait
queue with the help of defined rules or algorithms. Bilateral wait queue optimization
considers transactions by one sender-recipient pair. Multilateral wait queue
optimization considers transactions of several or all participating senders and/or
recipients.

1.1.1 Bilateral Circles Processing
Description:
Circles processing is the simultaneous processing of reciprocal payments to be
processed with the intent to prevent gridlocks altogether or to resolve existing ones.
Various algorithms can be used. In bilateral circles processing only payments between
the sender and the recipient are considered.

Example:

RTGSplus, Disposition of Incoming Payments, Express Payments:
Step 1: An express payment by the sender and the reciprocal first-placed express payment by the
recipient in the wait queue is executed when the side which submitted the larger payment has a
sufficiently high balance in their account to make up the difference.
Step 2: If step 1 is unsuccessful, the payment is still executed so long as there are sufficient funds in the
sender’s account.
Step 3: Expanded reciprocity verification: If steps 1 and 2 were unsuccessful, additional reciprocal
payments (express or limit payments within the set limit) can be used for cover funds. Providing that a
recipient’s express payment is lined up for priority execution, it must result in a liquidity influx benefiting
the recipient.

1.1.2 Multilateral Circles Processing
Description:
The same as 1.1.1, however, payments by other system participants are also included
in the circles processing.

Examples:

KRONOS:
The Danish KRONOS system policy doesn’t permit breaking the FIFO standard. In case of a gridlock a
type of netting is triggered in which virtual balances are formed for all participants, taking into
consideration the payments in the wait queue. Payments are removed from the wait queue successively
until the virtual balances for all participants are positive. Once that point is reached, all payments within
the system can be settled while complying with the FIFO standard. In extreme cases, the wait queues of
all participants are emptied through the algorithm. At that point, the system is relying on liquidity influx
from new incoming payments or from other sources.
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RTGSplus:
Disposition of incoming payments, express payments: Influx principle for express payments (deviation
from the FIFO standard on sender side)
The FIFO standard may be broken if the sender benefits from this infringement. An express payment can
be executed immediately, even if a higher priority express payment by the sender is queued up, on
condition that the sender’s express payment is smaller than the reciprocal payment used for cover funds.
This results in the submitting participant receiving liquidity.

1.1.3 Reactive Circles Processing in Case of Gridlock
Description:
Reactive circles processing is activated during a gridlock. Reactive circles processing
can be executed on a bilateral (see 1.1.1) or multilateral basis (see 1.1.2).

Examples:

SIC (reactive and bilateral):
An algorithm searches between sender and receiver on a bilateral basis for an additional reciprocal
payment in order to settle the payment while breaching the FIFO standards.

NewCHAPS:
CHAPS can decide to initiate circles processing mechanisms in gridlock situations. In specific situations
participants can be asked to remove payments which cannot be processed by the system. Among the
remaining payments those that can be processed simultaneously either by priority or by the rule “lowest
value first” are then selected. Here, too, headroom liquidity (see below) is only used with payments
qualifying with the appropriate priority. Unlike with normal processing available liquidity is only used
during a circles processing cycle if not enough headroom liquidity is in the “pot”. The headroom area is
replenished from the area of available liquidity after the circles processing. Circles processing should
never last longer than a few minutes. Payments processed by circles processing are not listed individually
for the participant. During circles processing operations, payments can be submitted to the system as
usual. The regular settlement process is not interrupted by circles processing.

1.1.4 Proactive Circles Processing
Description:
Proactive circles processing starts up according to specifically defined criteria before a
gridlock occurs. Proactive circles processing can be executed on a bilateral (see 1.1.1)
or a multilateral basis (see 1.1.2).

Example:

KRONOS:
The Danish KRONOS system algorithm listed under 1.1.2 could be revisited as an appropriate example,
since the algorithm operates proactively with each transaction. If there is no gridlock, the algorithm result
is zero and the transaction is processed immediately.

1.1.5 Further Bilateral Wait Queue Optimizing Methods

Examples:

RTGSplus:
See next paragraph, algorithm 3
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NewCHIPS:
Bilateral low value payments:
Parallel to the bilateral and multilateral process for large payments described below, large value
payments are processed based on bilateral FIFO wait queues. In order to determine the ideal payment
combination for the reconciliation, a matching technique based on the Gale-Shapely algorithm is used.

1.1.6 Further Multilateral Wait Queue Optimizing Methods
Examples:

RTGSplus:
Result oriented wait queue dissolution in RTGSplus for express payments: It is determined whether each
individual express payment can be settled. This evaluation happens in the following cases:
� New incoming liquidity
� Change of sequence
� Recall
� Conversion into limit payment.
Ongoing settlement process for limit payments: All payments in the wait queue are included.

Algorithms for Wait Queue Dissolution:
� Algorithm 1: Those payments of a sender are identified which can be dissolved while maintaining the

sender-designated bilateral limits and/or a multilateral limit. The changes in the credit balance (credit
influx or credit outflows) which would result from these payments being executed are calculated.
These changes are calculated separately for each relationship, for which the participant has set a
bilateral limit, and for the entirety of the relations for which the participant has set a multilateral limit
(so-called individual liquidity positions). The individual participant’s liquidity positions thus determined
are aggregated into one total liquidity position, resulting in either a credit influx or outflow. From that,
those participants are found whose entire liquidity position would result in a credit influx. The entire
liquidity position for these participants is examined for covered by credit and whether the total limit set
by the participant is maintained. In the case of a positive result, the included payments are settled,
entered in the participants’ accounts, and therewith executed. If the result is negative, the algorithm 1
run-through was unsuccessful.

� Algorithm 2 (with selection): Algorithm 2 originally contains the same calculating and examining steps
as algorithm 1. Additionally, within the framework of algorithm 2, some individual payments are taken
out during the determination of the executable payments in order to avoid an insufficient balance or
exceeding the total limit of one or several participants. The determination of those payments to be
removed is limited to those participants for whom a deficit had been calculated before the
examination. If the deficit can be avoided in this manner, the payments thus determined are settled
and entered in the participants’ accounts. However, if the deficit could not be cleared up, the
algorithm 2 run-through was unsuccessful.

� Algorithm 3: Using algorithm 3, payments executable in bilateral relations are determined in a first
step. But in this case only those relations are taken into consideration for which minimally one of the
two participants has set a bilateral limit. The bilateral relations are successively worked off. First,
those payments are determined that have been submitted by both participants for each other and that
can be executed under consideration of the bilateral limit or total limit as well as the credit balances of
the two participants. The payments thus determined are settled and entered immediately.  In a
second step, the resulting credit influx or outflow results from the execution of the remaining
payments is calculated. This is termed multilateral liquidity disposition. If a participant’s multilateral
liquidity disposition were to result in a credit outflow, it is compared to the multilateral limit, the total
limit as well as the participant’s credit balance. If executing the remaining payments were to result in
exceeding the limit or credit under-funding for one or several participants, individual payments are
taken out in order to avoid a deficit. Determining these payments is originally limited to those
participants for whom a deficit has been calculated before the examination. If thereafter not all deficits
can be avoided, those payments are taken out in addition that could lead to first deficits for other
participants or enlarge their deficits. The processes described above are repeated until all deficits are
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removed. Those payments therewith determined to be settleable are then paid and entered on the
participants’ accounts.

NewCHIPS (bilateral and/or multilateral large value payments):
All payments go directly into the wait queue. Here, an algorithm continually seeks out equivalent
reciprocal demands, working like this:

� Step 1: A sender’s large payment is selected according to certain criteria. After that, the other
participants’ incoming payments are examined. If a matching batch is found, it is settled against the
large payment. Two side conditions must be met: First, the balance in the mandatory settlement
account with the New York Federal Reserve Bank must not be higher than double the amount
supplied that corresponding morning, the original prefunded balance. The amount is calculated
weekly for each bank; it cannot be changed in the course of a clearing day, but it does vary as a
result of submitting and receiving payments. The basis for these calculations is the current
transaction trends of each respective bank. This side condition ensures that participants don’t require
too much liquidity on their accounts. The other side condition requires a positive balance on the
settlement account with the New York Federal Reserve Bank. If both criteria are met, the payment is
settled and is therewith final and irrevocable.

� Step 2: If the payment cannot be executed, the algorithm looks for another batch to process the
payment.

� Step 3: If that search is unsuccessful, a new large payment is selected and the algorithm repeats
itself.

The computer algorithm is called balance release engine and keeps repeating the same steps throughout
the day. Within this context, a payment is defined as large if it is for 80% or more of the original prefunded
balance (see also: flow cap). All other payments are labeled small (see also: bilateral wait queue
optimizing).
At the end of each clearing day some banks supply additional funds to meet the final prefunded balance
requirement and others receive funds, the so-called final pre-funded balance entitlement.  According to
the convention among all the participants, CHIPS calculates a multilateral net position for all participants
for that purpose. It is based exclusively on payments that are still found in the wait queue at the end of the
clearing day.

Various integrity controls are continually carried out in order to optimize the system’s stability. One of
them is the balance control: following each settlement, all actively participating parties’ maximum and
minimum balances are verified to determine whether they remain within the legal limits.

Bilateral batching for large payments: When a large payment is submitted to the wait queue by bank A the
system looks for a reciprocal payment from bank B in the wait queue. The payment from bank B is to be
no smaller than half and no larger than double the payment from bank A. If a qualifying reciprocal
payment is found, the two payments are balanced. This generates a ‘pseudo’ payment with an amount of
exactly the difference between the amounts of the original reciprocal payments. The difference is credited
to the bank with the larger of the two payments. As long as there is a matching reciprocal payment, the
process is repeated. It is noteworthy that the NewCHIPS netting process would work without bilateral
batching, by just using spontaneous or reciprocal settlement and multilateral batching.

Multilateral batching: This technique is used to process payments larger than the flow cap (flow cap =
0.8% of the prefunded balance). Here, the payments may be larger than the credit cap (credit cap = 2 x
original prefunded balance). A bank’s balance may not fall below the debit cap which is zero. The intent is
to avoid a situation where a very large payment drops the bank A balance below the debit cap and
exceeds the bank B’s credit cap. This is accomplished with the inclusion of ‘help payments’ by third party
banks with a positive balance. So-called trees of payments are formed, one of them for the participants
expecting funds. With the tree, sender banks are supported in order to avoid a large payment
jeopardizing their debit cap, avoiding a negative balance. Another tree is formed among the participants
liable to pay. With this, the receiving bank is in effect supported to avoid hitting their debit cap (maximum
available balance) when receiving a large payment. The trees can be shown as branches (payments) and
knots (banks).
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There is a delay queue for large payments. Whenever payments are located in the delay queue, they can
be used as help payments on a case by case basis.

RITS:
All payments originally go into the wait queue. The RITS processor examining payments ready to be
processed is called system queue processor. It works on a so-called next-down looping basis. This
means that a payment ready to be processed undergoes several, specifically defined tests. If a payment
does not pass such a test it remains in the wait queue and the test battery is repeated following the same
modalities for the next payment in the wait queue. In this way the system-queue processor walks through
all payments contained in the wait queue and successively executes the tests. Once the end of the wait
queue is reached, it starts again from the top. This process makes it possible to settle payments in an
order different than the one in which they were submitted. According to the operating company, this
method leads to liquidity savings compared to the FIFO standards, where large payments submitted first
can impede settlement of smaller payments submitted at a later time.
An additional liquidity protecting element of the RITS system queue processors is called Auto-Offset.
This method is used when there is a problem settling a particular transaction, as could be the case with a
very large payment. Here is how it works: If a payment hasn’t been settled during the five minutes after
the first test, the system automatically searches the wait queue for reciprocal payments from the receiver
bank. The five-minute parameter is variable. Up to ten such payments may be selected. If these can be
balanced and settled simultaneously without violating any of the limits, the system will execute the
payments automatically. At the same time, the gross amounts of all the payments are communicated to
the appropriate exchange settlement accounts. This way, large payments can still be settled even with
comparatively low cover funds available.
RITS permits reserving payments on the exchange settlement account for special or urgent use.

1.2 Limit Management

1.2.1 Limit Management by Message Type or by Message Category
Description:
Due to the widely differing average amounts as well as the different priority of
commercial payments on one side and bank payments on the other, a limit
management by message types (e.g. A10/A11, B10/B11, 103, 202) or message
category (e.g. A, B, 1XX, 2XX) can be appropriate. Additional message-related criteria
are conceivable.

1.2.2 Limit Management by Priority
Description:
Here, as opposed to 1.2.1, only the payment priority criterion is taken into consideration
for the limit management.

Examples:

RTGSplus:
Differentiation between express payments and limit payments. Express payments have priority over limit
payments. Additionally, priorities can be assigned within the express payments.
Receiving-party limit payments are only taken into consideration within the framework of an expanded
reciprocity test. In addition, maintenance of the set limits is verified.

NewCHAPS:
The liquidity pool is comprised of the available liquidity and the headroom. Both together make up the
total available liquidity. The liquidity in the headroom can only be used for prioritized payments. The
priorities for using the headroom are changeable. Using the enquiry link (interactive part of the
NewCHAPS infrastructure) the headroom share of the bank-individual liquidity pool can be changed.
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While an increase in the headroom share may reduce the portion of the available liquidity, it has no direct
influence on the total liquidity.
Payment settlement rules:

� If there is no other payment in the wait queue and a sufficient amount of liquidity is present, a
payment is settled.

� If there is no other payment in the wait queue and the available liquidity amount is insufficient, the
payment goes into the wait queue.

� If there is one payment of equal or lower priority in the wait queue and a sufficient amount of available
liquidity is present, the new payment is settled.

� If there is one payment of higher priority in the wait queue, that one is settled and the new payment
goes to the wait queue.

� If a payment goes into the wait queue, it is positioned so the payment with the smallest amount is at
the head of the queue in each priority class.

� As soon as there is an increase in available liquidity, a settlement process is started according to
priority classes. Within each class, payments are settled in inverse proportion to the amount.

A change in priority is not possible. If a submitted payment isn’t supposed to be settled, it must be either
cancelled or put on hold. The payments to be settled with the use of headroom liquidity must be
especially marked. Apart from that, the same rules apply as above (with the exception that now in
addition to the available liquidity, headroom liquidity may be used, as well.). However, as long as
sufficient available liquidity is accessible, headroom liquidity is not used. In cases where the available
headroom liquidity is below the amount set by the participants, incoming payments automatically
replenish it without recipient intervention. Once the headroom is replenished, and additional liquidity influx
occurs, the available liquidity is automatically increased.

1.2.3 Limit Management by Currency
Description:
Currency is an additional limit management criterion. This can be particularly
interesting for a system working with multiple currencies. The obvious prerequisite is
that a system manager has access to two or more currencies.

1.2.4 Bilateral and Multilateral Sender Limits
Description:
In any clearing system, different participants enjoy different levels of importance or
credit worthiness in the eyes of the other participants. Bilateral sender limits address
this particular issue. Among other things, multilateral sender limits are used to regulate
the liquidity outflow in multilateral settling.

Benefits of active limit management:
� Liquidity can be reserved exclusively for the execution of express payments

� One-sided liquidity outflow can be avoided
� Synchronization of payment streams and promotion of early submitting.

Example:

RTGSplus:
RTGSplus system participants can manage their liquidity outflow for limit payments by establishing overall
total limits and bilateral as well as multilateral sender limits. RTGSplus differentiates between priority
express payments and non-priority limit payments.
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RTGSplus recognizes three types of sender limits:

� Total limit: reserves liquidity for settling of express payments
� Bilateral limit: restricts liquidity outflow opposite individual partners
� Multilateral limit: restricts liquidity outflow in multilateral settlement

1.3 Liquidity Pooling

1.3.1 Liquidity Pooling with Several Currencies
Description:
Liquidity pooling with several currencies is possible and – if applicable – practical when
a system manager can dispose over more than one currency. The participants benefit
through swaps between their accounts, evening out liquidity bottlenecks in one
currency, if at the same time there is a surplus of liquidity in another currency.

Examples:

NewCHAPS:
Each NewCHAPS participant has the option to - under specific circumstances - execute swaps between
their GBP and EUR accounts at the Bank of England. A participant with a liquidity bottleneck in their GBP
transfer settlement account by currency swap can route excess liquidity from their EUR account
benefiting their GBP and vice versa. However, according to information provided by APACS, this option is
handled rather restrictively by the Bank of England.

CLS:
The Common Cash and Collateral Pool (CCCP) for CLS is currently being discussed as a means of
protecting liquidity. It would enable a CLS clearing bank to apply the liquidity reserves in their internal
clearing as intraday liquidity elsewhere in the world, e.g. a German bank might need liquidity in Japan.
This can be achieved in three ways: The German bank can

a) arrange that a certain part of their collateral at the national bank be reserved for the Bank of
Japan.

b) arrange a transfer of Euro to the account of the Bank of Japan and
c) request the National bank to provide the German bank with Yen.

The credit risk resulting for either the German National Bank or the Bank of Japan is completely secured
and therewith withdrawn from the market. However, the implementation of such measures is restricted by
the laws governing cross border demands.
Within the framework of the CLS project, establishing markets for intraday liquidity is also being
discussed. However, these markets would themselves generate counterpart risks. Until now, there hasn’t
been any agreement of price(s) this type of liquidity should be traded. And beyond that, such a market
would require an extremely high level of discipline by the banks for supplying such funds from payment
traffic transactions.

In/Out swap: This is another liquidity protecting CLS measure in addition to the CCCP mentioned above.
The algorithm locates CLS banks short in a specific currency and others that are long in that same
currency. This allows CLS participants with low resources in a specific currency to meet their
responsibilities without liquidity increase while participants whose CLS account in that currency show a
surplus are given the opportunity to reduce those funds. The swap occurs in the CLS on a zero price
basis. The balance payments due are processed during regular clearing hours by the corresponding
national clearing systems.
The swap reduces the liquidity pressure on the Nostro agents and thereby lowers the costs connected to
providing liquidity funds. Furthermore, the intraday credit risk taken on by the Nostro agents opposite the
settlement members at the beginning of each clearing day is also reduced. Pilot tests have shown that
the swap might also shorten the CLS settlement cycle by reducing the probability of non-settlement and
the need for additional pay-in calls.
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1.3.2 Additional Types of Liquidity Pooling

Example:

NewCHAPS:
Within the headroom area, participants can pool and reserve liquidity for special payments, e.g. CLS.

1.4 Pre-determined Settlement Times
Description:
This attribute might prove to be interesting in connection with CLS, which asks for a
time sensitive liquidity supply. This enables a participant to submit time sensitive
transactions somewhat ahead of schedule and be assured that the system will process
the transaction immediately at the time it is due, provided there is enough liquidity in
the sender’s accounts. SWIFT standards support these functions with a special field
which contains the exact processing time in a standardized form.

Example:

RTGSplus provides these options.

2 Legal Basis
Liquidity saving functions, such as breaking the FIFO standard with other algorithms to
dissolve or prevent gridlocks, are not legally specifically defined by all systems. This
puts them into a somewhat gray area. Some legislation meets the requirements more
specifically. Where neither legislation nor judiciary prescribe specific rules it helps to
align with the general terms and conditions of a clearing system operator.

Examples:

RTGSplus:
FIFO principle legally secured through documentation in the general terms and conditions.

NewCHIPS:
All CHIPS payments fall under the New York Uniform Commercial Code (N.Y.C.U.U.).
In section 4-A-103 there are several CHIPS statutes. The CHIPS statutes are also described in CHIPS
Rules & Regulations. CHIPS statute No. 2: „... the release of a payment message creates an obligation of
the Sending Participant to pay the Receiving Participant“. Statute 12 describes the netting process as
such and indicates that „... payment messages are continuously netted and set-off against each other ...“.
Statute 13(c1) maintains that the payments remaining after the netting process must be settled via the
settlement transfer account at the Federal Reserve Bank of New York. Statute 13(c2) indicates that the
settlement is complete when the necessary payments credit and debit the settlement transfer account.
Section 4-A-403(2) says that for settlement systems balancing obligations between parties multilaterally,
the receiver bank receives the final settlement when the settlement process has been completed
according to the system regulations. Section 4-A403(2) makes it possible for the sender bank’s obligation
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to the receiving bank to be balanced at the same time by netting and for the accounts to be updated at
the time when the actual payment message is dispatched.
In CHIPS, finality is achieved at the end of the day when the closing balance of all payments that were
sent through CHIPS throughout the day is calculated on the settlement transfer account at the Federal
Reserve Bank of New York in central bank funds. The possibility of a participant ‘falling out’ due to a debit
position during the clearing day is regulated with a loss-sharing agreement among the ‘surviving’
participants. This agreement governs the division of the losses to be taken on by each of the remaining
participants. There are funds deposited on a CHIPS prefunding account at the Federal Reserve Bank of
New York for these potential responsibilities.

3 Evaluation of Experiences Made During Regular
Operations or Simulation
Examples:

Bank of Finland:
At the Bank of Finland, a simulator was developed and with its help some interesting results were
obtained. They were published in – among other publications - the Bank of Finland Discussion Papers
16/99 (Optimizing Liquidity Usage and Settlement Speed in Payment Systems) or 9/01 (Gridlock
Resolution in Interbank Payment Systems).
Comparing simulations on the basis of netting systems and RTGS systems establish that RTGS systems
always work more efficiently than netting systems: With a given amount of liquidity, the delay of a
payment or settlement in the RTGS is always less than in the netting system. Furthermore, it is assumed
that the functional differences between the two types of clearing systems will be minimized.

A system is considered inefficient when a gridlock occurs. Systems with a higher risk of a gridlock
occurring are less efficient than those with a low risk. As a consequence the question about liquidity cost
becomes more and more pertinent. How expensive is it to keep liquidity funds ready compared to the
costs occurring when payments or settlement are/is delayed? This has a lot to do with finality of
payments: How expensive is the risk resulting from late payments or non-immediate finality when
compared with the costs of providing liquidity in a clearing system? It was recognized in both RTGS- as
well as in netting-systems that finality is best achieved with sufficient system liquidity. This realization
remains valid even with the introduction of various and differing liquidity saving algorithms. Providing
situation-appropriate liquidity management systems for each participant leads to savings in liquidity costs.

Making liquidity maintenance flexible in an RTGS system (e.g. by providing free intraday credits through
the system manager or by providing automated and standardized methods for adjustment of the collateral
funds) can result in up to 25% savings. Incidentally, the Finnish studies considered an RTGS system with
a wait queue already a hybrid system. Splitting large payments is one of the most efficient methods for
avoiding gridlocks. By just splitting the one top percent of large payments, significant improvements were
achieved. Even better simulation results were registered when the largest five or ten percent of all
payments were split. In general, the simulations proved conclusively that dividing very large payments
into several smaller slices is significantly more efficient than the various liquidity saving algorithms. Tests
with bilateral offset mechanisms (e.g. as currently used with the Australian RITS) show that these are less
efficient.

CHIPS:
Simulations show that the number of non-processed payments at the end of the clearing day is
independent of the total amount of payments submitted for that day. The actual changes in the account
balances per participant during a clearing day are comparatively small. This is due to the fact that a
payment to a specific participant usually triggers a chain reaction of interdependent ‘consequence’
payments. In comparison, experiments operating with randomly chosen beneficiaries showed account
balance changes that were higher by a factor of 10, 100 or even 1000 than the ones occurring during
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regular operations. This contributes significantly to the explanation of the efficiency of netting with the
help of liquidity saving algorithms.
The system can process 400,000 payment orders within 30 minutes or just below 0,05 seconds per
payment order.
The CPU time required for end-of-quarter processing barely varies from the CPU time required for
processing a regular day’s orders, even though the number of transactions at the end of the quarter is
approximately four times as high as on an average day.

The simulations further show that
� the system is capable of processing virtually all payment orders for virtually all participants.
� the system works better when the volume is higher.
� occasionally, there are groups of payment orders from and to participants with an imbalance of sent

and received payments that cannot be processed. This appears inevitable.

The system’s success depends on two statistical circumstances concerning the composition of payment
instructions:
� A payment from participant A to participant B makes a ‘consequence’ payment from participant B to

participant C more likely.
� The largest participants prompt the most payment orders.

Payment processing under consideration of the Gale-Shapley algorithm has three benefits:
� Because small payments are held in bilateral wait queues and participants with payments that can be

processed are searched for in an appropriate way, the processor time is minimized for the search of
the „oldest“ payment.

� Generally speaking, the decision to release a payment should happen under consideration of all side
effects caused by payments being processed at the same time. If that doesn’t happen, processing of
one payment can end up infringing upon funding constraints with a ‘consequence’ payment that
wouldn’t have been affected by the second payment alone. To avoid this scenario, the Gale-Shapley
algorithm identifies payments that are (mostly) independent of each other.

� Since (mostly) independent payments are processed with each other, the system’s throughput is
optimized.

SIC:
The bilateral circles processing algorithm (bilateral offsetting) is operational since December 12, 2001 and

is activated once or twice per day. Days with the algorithm in use more frequently are the
exception. Peaks were reached on December 20, 2001 and on January 7, 2002 where the
algorithm was activated five and eight times respectively. Based on the algorithm’s short time in
operation, no in-depth analyses have been possible. However, the consensus at Swiss Interbank
Clearing is that specifically due to the large number of transactions in the SIC system, and
through the provision of no-cost intraday credits by the Swiss National Bank, so much liquidity
flows into the system in most cases that enough „axle grease“ is provided to keep the system
running. Viewed from another angle, this means that algorithms for dissolving gridlocks can
benefit those systems processing only few transactions and that don’t have the option of
providing no-cost intraday liquidity. Based also on this observation, the existing solution for the
SIC system with its large number of transactions seems to be appropriate. More complex
solutions not only contain the potential of possible complications, but can result in an unequal
treatment of the system participants.

4 Analysis of the Identified Types of Liquidity Saving
Algorithms - Assessment and Expected Effects on
Liquidity

The various methods and algorithms examined can contribute to enhanced covering of
the net flow from the system, albeit with different effort/benefit ratios. When assessing
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the listed algorithms, the following basic points should always be taken into
consideration:

� Even the most mathematically refined algorithm cannot replace or make up for a
lack of sensible conduct adapted to national circumstances.

� A clearing system in payment traffic always runs optimally when enough liquidity is
available.

The first principle implies that a close and relevant cooperation between the system
manager and the system participants often achieves more than the implementation of
mathematic algorithms in the system. The studies done by the Bank of Finland (see
Chapter 3) prove that splitting of very large payments is one of the most efficient
methods to save liquidity and avoid gridlock situations. Similar rules apply for the timely
and balanced-throughout-the-day submittal of payments into the system. Both can be
achieved without the costly implementation of liquidity saving mathematical algorithms.
Far more crucial are the disciplined conduct of the system participants, preventative
measures by the system managers and useful incentive-focused pricing by the system
operator.

The German RTGSplus in particular is known for its use of a number of demanding
mathematical algorithms (see Chapter 1). In order to develop to their (full) potential,
these algorithms require demanding liquidity management of each system participant.
This cannot be achieved without substantial staffing requirements and therefore is
rather costly as a result. Compared to that, liquidity costs (at least in Europe) are
relatively low. On the one hand, this raises the question of whether it is worthwhile for
the system participants to set up liquidity management able to make full use of the
options offered by RTGSplus or whether it is more cost efficient for the participants to
work with a certain amount of non-used ‘buffer’ liquidity in the system. On the other
hand, it is important to consider how many of the participants can even afford to
develop appropriate liquidity management.

Compared with RTGSplus, NewCHAPS has implemented significantly fewer liquidity
saving algorithms even though the circle of direct participants in NewCHAPS is
comprised of the larger banks in Great Britain. These banks that would, more than any
others, actually have the resources required to establish a complex in-house liquidity
management.

The situation is somewhat different in the case of the US netting systems NewCHIPS.
The Bank of Finland simulations (see Chapter 3) indicate that a netting system almost
always works less efficiently than an RTGS system. When looking at costs arising from
liquidity demand on one side and delayed finality on the other, it becomes apparent
that it is far more appropriate to include liquidity saving algorithms in a netting- than in
an RTGS-system. After all, potential liquidity savings in comparison with RTGS
systems are the netting system operators’ main argument to attract participants to their
systems.

The various tests concerning wait queue optimizing in the Australian RTGS system
RITS, a next-down looping system (see Chapter 1.1.6), appear to be a pragmatic
solution to avoid  gridlock situations, remembering that there are no simulation results
or comparable evaluations from actual operations available. If, once again, the Bank of
Finland simulation results are taken into consideration (see Chapter 3), it might be
surmised that the auto offset process practiced by RITS (see Chapter 1.1.6) potentially
leaves some room for improvements.
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Liquidity pooling across several currencies (see Chapter 1.3.1): Even though, similarly
to NewCHAPS, two currencies are processed in SIC and euroSIC, liquidity pooling as
described is not possible since SIC and euroSIC use two different system managers.

The discussion around CLS liquidity saving mechanisms is interesting and should
therefore be continued. However, since CLS is not a payment traffic system in a true
sense, at best only indirect conclusions can be drawn.

5 Suitability for SIC
Thanks to the willingness of the SIC participants to split amounts in excess of 100
million Swiss Franks into several smaller payments, an important prerequisite for the
reduction of liquidity is met (see Chapters 3 and 4). The SIC system has a relatively
low frequency of  gridlocks (no more than 3 to 4 per day). The close cooperation
between the Swiss National Bank as system manager and the participating banks in
connection with appropriate pricing for the SIC system provides that by 11:00 AM 80%
of all payments have already been submitted and by 2:00PM 80% of the volume and
99% of the transactions have been settled (see chart below).

Submitted, pending and processed payments during an average day for the year 2001:

Diagram: Swiss National Bank, January 2002

The Swiss financial market, and with that the SIC system participant pool, is unique in
that it is dominated by two very large participants. Due to that particular circumstance,
the circles processing algorithm (bilateral offsetting) to resolve gridlock situations on a
bilateral basis introduced in December 2001, is sufficient. Any additional benefit
provided by the installation of a multilateral algorithm to resolve gridlocks is expected to
be comparatively low and would therefore not necessarily justify the implementation

2001.01.01 0.090218617 0.099595674 0.188624971 0.2696802 0.3624544 0.45755707 0.574160413 0.7641545

Daten für die Grafiken
2001

Time
abgewickelte 
Zahlungen

Zahlungen in 
Wartedatei

eingegebene 
Zahlungen

settled 
payments

pending 
payments

entered 
payments 

paiements 
réglés

paiements en 
attente

paiements 
transmis

7:00 0.09 0.09 0.18
8:00 0.10 0.12 0.22
9:00 0.19 0.28 0.46
10:00 0.27 0.32 0.59
11:00 0.36 0.39 0.75
12:00 0.46 0.35 0.81
13:00 0.57 0.28 0.85
14:00 0.76 0.15 0.91
15:00 0.95 0.02 0.97
16:00 1.00 0.00 1.00
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cost. The marginal utility achieved through additional and more complex algorithms to
resolve gridlocks appears relatively low. Furthermore, the simulations by the Bank of
Finland show specifically that liquidity saving algorithms have the highest impact in
systems with relatively few transactions. However, the SIC system is the highest
capacity RTGS system worldwide. There is always enough „axle grease“ in the form of
new transactions and with that, new liquidity entering the system, which keeps the
mechanism operational and thereby contributes to a large extent to the „circuitous
operation“ of the system. This also leads one to speculate that complicated and
expensive algorithms will add marginal - if any at all - additional benefit, making the
cost-benefit ratio clearly unprofitable.

According to data provided by the Swiss National Bank, a relatively large number of
transactions remain in the wait queue for several hours each day. The cause for that
can be found primarily in the delivery conduct of the system participants. The most
productive improvement of this situation can therefore be achieved by altering the
system participants’ delivery conduct. It is potentially worthwhile to examine whether
algorithms for wait queue optimizing (e.g. the tests within the framework of the RITS
next-down looping process) show enough potential to justify implementation. However,
at this point it is not possible to quantifiably establish a concrete need.

With the introduction of CLS a changed liquidity situation can certainly be expected. Its
impact remains to be examined and analyzed.
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Appendix: Topology comparing selected systems
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