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1 Introduction

The concept of efficient price discovery is a fundamen-
tal principle in economic theory. In textbooks, price
discovery appears straightforward: An exchange of
products takes place at the fair price where the sup-
ply and demand curves intersect. In practice, the
price discovery process can be interrupted by a mul-
titude of variables. Trader behaviour, market design,
and the nature of the asset traded are just the tip of
the iceberg.

Large electronic stock- and derivative exchanges
like the New York Stock Exchange (NYSE), The Nas-
daq Stock Market and The Chicago Mercantile Ex-
change (CME) are at the center of the global finan-
cial system, implementing the predominant market
design form, continuous double auctions (CDAs) on
limit order books (LOBs)ﬂ

Electronic Trading & HFT

It is widely accepted that CDAs evolved from the sim-
pler call-auction systems, which became insufficient
as trading volumes grew, requiring a more dynamic

and efficient matching mechanism. The early success

1The limit order book and continuous double auctions may
be referred to somewhat interchangeably depending on con-

text.



of CDAs on the NYSE and Nasdaq exchanges accel-
erated the adoption of CDA across global markets.
The LOB further proved its versatility and efficiency
in both price discovery and trade execution with the
advent of electronic trading.

Furthermore, a convergence between the CDA
model, electronic trading, and technological advance-
ments, created fertile ground for a new form of insti-
tutional trading, high-frequency trading (HFT). HFT
firms can send and receive messages from electronic
exchanges with microscopic latencies, allowing them
to profit from arbitrage opportunities and market

making strategies [I] [2].

Decentralized Finance & Toxic Flow

Technically skilled professionals from traditional fi-
nance (TradFi) migrated to the cryptocurrency space
The launch of the Ethereum
blockchain and the emergence of smart contracts fur-
Con-

sequently, central exchanges in the cryptocurrency

as it expanded.
ther blurred lines between the two sectors.

space adopted market structures akin to their con-
ventional counterparts, LOBs. Conversely, decen-
tralized exchanges (DEXSs) initially developed alter-
native mechanisms, with automated market makers
(AMMSs) at the forefront. These designs rely on lig-
uidity pools and formulae to facilitate token swaps,
rather than the traditional order books.

However, there has been a recent shift in the
DeFi landscape. Emerging decentralized protocols
are found employing LOBSE| It raises the ques-
tion whether these structures are appropriate for the
unique attributes of cryptocurrencies and blockchain-
based assets.

There are several ways in which tools and technolo-

2Phoenix is a LOB-based DEX, for example.

gies developed for traditional financial markets do not
align with the principles of decentralized finance. On-
chain trading often relies on gradual, decentralized
price-discovery processes such as AMMSs, while iden-
tical assets are simultaneosly traded on centralized
exchanges with relatively low latency. This leads to
exploitable inefficiencies where predatory traders ex-
ploit outdated price quotes on DEXs — toxic flow.
DeFi faces several additional challenges. Liquidity
in DeFi is often fragmented across multiple chains
and protocols, which can amplify the negative im-
pacts of toxic flow. Furthermore, the reliance on on-
chain trading and smart contracts introduces scal-
ability limitations; as transaction throughput in-
creases, so do gas fees, reducing overall market effi-
ciency. Another significant challenge is maximal ex-
tractable value (MEV), where miners and validators
can manipulate transaction ordering within blocks for
profit. While MEV-aware solutions, such as Flash-
bots and time-delay mechanisms, can help reduce
these inefficiencies, MEV continues to impact a sub-
stantial portion of the DeFi ecosystem, and can ex-

acerbate the risks associated with toxic flow.

Continuous Double Dutch Auctions

This paper introduces a novel market design called
Continuous Double Dutch Auctions (CDDAs), along
with the concept of the dutch auction order and vari-
ous functional components aimed at enhancing lever-
aged decentralized trading. The discussion begins
by exploring related work and the complexities of
limit order books (LOBs). Next, the CDDA mech-
anism, dutch auction orders, and multi-stage dutch
auction orders are outlined. The paper then delves
into the key advantages and vulnerabilities of this

design, particularly in relation to existing solutions



addressing toxic order flow. Finally, Contango is pre-
sented, highlighting the core motivations for adopting
CDDAs within the Contango Protocol.

2 Related Implementations

Continuous double dutch auctions are not an en-
tirely original design. They are rather a composi-
tion of fundamentals from recent research and novel
implementations in the DeFi space. In particular,
there are two implementations that bear a strong re-
semblance to CDDAs and multi-stage dutch auction
orders: UniswapX and the CoW Hooks from CoW
Swap.

In Section [6| and onwards, a more detailed compar-
ison is drawn between the CDDA system design and

these protocols.

2.1 UniswapX

UniswapX is the principal point of comparison for the
CDDA and dutch auction orders. This routing pro-
tocol, announced in fall 2023, aims to combat issues
such as gas costs and MEV by using fillers — a com-
bination of market makers, MEV-aware routers, and
aggregators amongst others — instead of Uniswap’s
The fillers bid for swaps in dutch

auctions, competing to offer the best end price for

liquidity pools.

the user, and the winner of the auction ultimately
executes the swap. The swaps are implemented as
signed intents to trade, and are only settled on-chain
when they are filled to avoid transaction costs for
unfilled orders [§].

An idealized example of the process is as follows:

1. A trader wants to swap an amount a of token X
for token Y. They want to receive at least an

w amount of Y. They set the starting amount

of the auction at a reasonable level, generally
above the current market price: An o amount of
tokens, such that o > w. They set the auction
duration at T' time units and apply a linear decay

function.

2. At time ty, the auction proceeds at the initial
price a. Presumably, each partaking filler ¢ has
an independent valuation of the swap, which in-

cludes additional costs, v; [units of Y.

3. Ast — T, the price level, p, decays linearly s.t.
p(t) = w.

4. In an idealized scenario, a filler will have the op-
timal valuation v} > v;Vi # j, and will "buy"

the swap when the price of the swap reaches
p(t) = vj.

5. If no filler valuates the swap so that v; > w,
the order will expire. Since the order is a signed

intent to trade, no costs are incurred.

In theory, this design is similar to CDDAs and
However, the CDDA imple-

mentation addresses two vulnerabilities that Uniswap

dutch auction orders.

does not explicitly discuss: the question of signed
intents and the potential for gamification via non-

meaningful price increments in orders.

CoW Hooks

CoW Swap, a DeFi variant of frequent batch auc-
tionsEI7 implements so-called pre- and post-hooks. The
hooks are programmatic operations and invariant
checks that enhance flexibility and simplify strate-
gically complicated swaps. A basic application of

hooks, for instance, might involve unstaking asset A,

3Frequent batch auctions are discussed further in Section |§|

and onwards.



exchanging it for asset B, and subsequently staking
asset B — all within a single order. While not explic-
itly atomic, the hooks closely mirror the conceptual
entry- and exit-stages in multi-stage dutch auction
orders [7].

2.2 Other

linch is concurrently experimenting with a similar
forms of routing in the protocol Fusion. The linch
Fusion focus is more on minimizing gas fees, while
Uniswap’s discourse is focused on improving swaps
within their own ecosystem. linch Fusion is not
specifically discussed further in this paper, primar-
ily due to the similarities between the two, and lack
of information compared to UniswapX [9].

Dutch auctions are additionally used in some lig-
uidation processes: Instadapp’s Fluid, for example,
implements a dutch auction variant [I0]. Addition-
ally, dutch auctions have been implemented in Non-
Fungible Tokens and initial token offerings — these are
often variants that imitate dutch auction-based ini-
tial public offerings (IPOs) such as the Google IPO.

3 The Limit Order Book

A standard limit order book exchange is structured
around a single primitive, the limit order. A limit

order comprises four critical parameters:

1. Asset traded: The specific asset, which could

be a commodity, security, token or derivative.

2. Quantity or size: In spot markets, this is re-
ferred to as the quantity, while in derivatives
markets, it is typically expressed in terms of lot
sizes, representing amounts of the underlying as-

set E|

4An example of a lot size is 100 barrels of crude oil.

3. Limit price: The maximum bid or minimum
ask price at which the trader is willing to execute
the order, with the intention of being filled at a
price equal to or more favorable than the limit

price.

4. Time-in-force: Refers to the trader’s intent re-
garding the lifecycle of the order. The simplest
form defines how long the order remains on the
LOB before it is canceled.

Price Level

—I80 —I50 —ZILO —2‘0 (I) 2‘0 4‘0 6‘0
Volume
Figure 1: A sample visualization of a LOB for an
asset. Green bars at lower price levels represent the
volume of outstanding bids, while red bars at higher

price levels indicate the volume of outstanding asks.

When a limit order cannot be executed immedi-
ately, it is placed on the order book. A resting limit
order is filled — partially or fully — when a counter-
party submits an order with a corresponding limit
price on the opposite side of the book. Standard limit
order books adhere to a price-time priority rul(fl: if

multiple resting orders exist on the same price level,

5Some limit order books might implement variations such

as pro-rata fills or size-time priority.



those placed earlier will have priority in execution
when an opposing order is placed.

If there are orders resting on the book at price lev-
els that are equal to, or more favorable than the spec-
ified limit price, taker orders will traverse the order
book, beginning by filling resting orders at the opti-
mal price level available. The process — referred to as
the aggression phase of the order — continues by ex-
ecuting resting orders at progressively less favorable
price levels until either the taker order is fully filled
or the liquidity at, or better than, the limit price is
depleted.

In LOB markets, price levels are incremented or
decremented in fixed intervals, known as ticks. The
fundamental premise of market-making in LOBs, be-
fore accounting for fees or other benefits, is straight-
forward. There exist price levels p, and p, where
the lowest outstanding ask and highest outstanding
bid orders are placed, respectively. The difference be-
tween those price levels is the spread: s = p, — pbﬁ A
market maker places resting orders on both sides of
the order book — a bid at or below p;, and an ask at or
above p,. If the market maker is filled on both sides
of the spread, they realize a profit equal to or greater

than s, depending on subsequent market activity.

Making Markets in Limit Order Books

It is important to note the distinction in price im-
provement for the market makers and the takers. If
there are resting orders at a price level more favorable
than the taker’s limit price, the taker benefits from
the price improvement, but pays the price of being
the one crossing the spread. The market maker is

not afforded the opportunity for price improvement:

6Under ideal circumstances, the spread on an LOB is one

tick wide.

once a limit order is placed, the maker cannot adjust
it and the life-cycle of that order will conclude with
either a fill or a cancellation. There are exceptions to
this rule, such as cancel-replace orders.

Market makers face several risk factors. A primary
risk is that they must be filled on both sides of the
book to realize a profit. By definition, for the market
maker’s bid to be filled, the mid-price of the asset
either stays the same or moves downwards, and vice-
versa for their asks. Another risk factor is the afore-
mentioned toxic flow. If new information impacts the
asset price and a resting order is not canceled in time,
it may become stale and susceptible to being filled
by a taker who is exploiting the arbitrage opportu-
nity. Market makers are often compensated with fee

waivers or other incentives to mitigate their risk.

Order Types

Most LOB exchanges implement multiple order types
in addition to the limit order. The majority of these
orders are constructed using the aforementioned limit
order parameters, and all are executed as limit orders
eventually. Recurring examples of such order types

include:

1. Market orders: Implemented in most public
exchanges, a market order executes at the high-
est bid/lowest ask immediately after it is re-
ceived. Referring to the aggression phase, these
orders are effectively limit orders with an infinite
or zero limit price. Some variants offer protec-

tion parameters against slippagem

2. Stop-loss and take-profit orders: Automat-

7Slippage refers to the difference between the expected price
of a trade and the actual price of execution, and can vary in

severity based on market conditions.



ically buying/selling assets when the price of the

asset falls or exceeds a predetermined threshold.

3. Fill-or-kill: An order that aggresses against the
book, and is only filled if the entire order size
can be filled at or below the limit price. If the
order is not filled in its entirety its canceled. No
partial fills and no resting on the order book.
Some exchanges also implement a variant called
all-or-none which shares the exact same fill logic
(no partial fills), but allows for resting on the

order book.

4. Immediate-or-cancel orders: A type of order
that aggresses against the order book and can be
partially filled. The quantity that is not matched

is removed from the order book immediately.

5. Good-til-cancel:

gresses against the order book, what can be

A type of order that ag-

matched immediately is filled, and the remain-
der (if there is a remainder) will go rest on the
order book until either filled or cancelled. Many
exchanges implement variants of this order type
where the cancellation is configured to happen
at a predetermined time, such as at the end of
the current trading session or trading day (good-

for-session and good-for-day).

In Section it is demonstrated that replicating
the behavior of these orders, even with intricate vari-
ations, can be straightforward when using dutch auc-

tion orders.

4 Continuous Double Dutch Auctions

The backbone of the continuous double dutch auction
(CDDA) is the dutch auction order, as opposed to the

limit order of LOBs. Dutch auction orders are further
categorized into nominal and tethered orders.

The state of a CDDA at block lﬁ is the order pool,
as opposed to the limit order book, structured as a
mixed set of nominal and tethered dutch auction or-

ders:

Dy = {¢;}i=1,23,...

where ¢; is an order associated with some index i.
Orders are removed from the pool when they are
matched, canceled, or they expire. For now, the pool
is conceptualized entirely on-chain. Refer to Section
for a more detailed discussion about on-chain im-

plementations, as opposed to signed intents.

4.1 Nominal dutch auction orders

A nominal dutch auction order is notated

(bn = (paapwapn(b)aq7B)

where p,(b) is a weakly monotonic function repre-
senting the price of the order, ¢ is the quantity and
direction (¢ < 0 for sell orders and vice-versa for
buy orders), and B is the duration, in blocks, of
the order in the pool. p, (b)ﬂ is defined on the range
b € Z4 N [bo, by + B] where by is the block of order

placement, and fulfills the following conditions:
1. For buy orders, pn(b+ 1) > pn(b),Vb € [bo, bo + B
2. For sell orders, p,(b+ 1) < pn(b), Vb € [bo, bo + B

3. pn(bo) = pa where po represents the optimal value

the trader wishes to be filled at.

4. pn(bo + B) = p., where p., represents the least opti-
mal, yet sufficient price the trader is willing to settle

at.

8Henceforth, time is measured in blocks to simplify practi-

cal aspects of the system description.
9The default decay function is a linear decay function.



A nominal dutch auction order therefore has an im-
plied price range R, = |p, — po| and, in absence of
by + B.

A sell-order is effectively a traditional dutch auction

fills, terminates after block number By =

and a buy-order is a reverse dutch auction. If Ry =0
and B is large, the dutch auction order emulates a

limit order.

100.4

Continuous function
e Price function update

---- Actual price function
100.3

Price unit
=
o
o
N

100.1
100.0
5 6 7 8 9
Block #
Figure 2: A linearly increasing price function

p(b) = k-b+ a for a buy order and its continuous
counterpart. The price cannot be approximated con-
On the Ethereum Virtual Machine, time

can pass in blocks on millisecond- or second-scales.

tinuously.

On modern day processors, time is incremented at a

nanosecond level.

The price functions are generally notated as a con-
tinuous functions, but due to the severe time gran-
ularity limitations of the Ethereum Virtual Machine
(EVM)E, they cannot be approximated as such. In
practice, it is a step-wise function. A simple visual-
ization of the time granularity effect of the EVM on
a linear price function is seen in Figure 2] A further
discussion of the implications of the time granularity
effect for price granularity is found in Section

For future reference, there are additional possibil-

10For example, time passes in blocks of up to 15 seconds on

the main net.

ities in the quantity parameter. Dynamic volume
functions offer options such as constantly valued or-
ders or partially entering coveted positions in an illig-

uid asset market.

4.2 Tethered dutch auction orders
The purpose of the tethered dutch auction order is

to facilitate the fair execution of an order at a future
point in time. By definition, this is a conditional
order. Determining when to begin the aggressive ex-
ecution phase, and when to conclude it, requires an
on-chain reference price that closely tracks the actual
market price with acceptable accuracy.

Oracles, which provide these reference prices, typ-
ically have a maximum deviation, o, such that the
actual price of the asset at time b, prca1(b) falls within
the bounds prear(b) = 7(b)(1 + o) where m(b) is the
oracle price at block b. This deviation threshold is
implemented since each oracle update incurs a trans-
action cost, making near-continuous updates expen-
sive and impractical.

A tethered dutch auction order is notated

O = (aa W7p7f(b)7 7T(b)7 q, )‘)

where ¢ holds as the quantity, 7(b) is an oracle and
[w, a] are an interval of coefficients that, multiplied by
the oracle price, a trader is willing to settle on. p,(b)
is, again, a weakly monotonic function that aggresses
with regard to the direction of the trade. A represents
the length of the aggression phase, and replaces the
order duration from nominal orders. This, in turn,
affects the interval on which the price function is de-
fined. If the latest update of the oracle happens on
block b, > by, where by represents the time of order
placement, the tethered price function is defined on
the interval b € Z4 N [bg, by + A]. Furthermore, the



function fulfills the following conditions:

1. p=(b+1) > px(b) for buy orders and p(b+1) < pr(b)
for sell orders, for all b € [bo, bo + A[.

2. px(bo) = am(bo), where bg is the placement block.

3. For each point in time, b., where the oracle receives
an update, the order resets the aggression phase such
that px(bs) = am(bs)

4. am(b) > p=(b) > wn(b) for all b € [bo, bs + A]

5. The order terminates when it is filled, cancelled, or

finishes its aggression phase without a fill.

The duration of the tethered order, B, therefore func-
tions slightly differently from its nominal counter-
part. For the order to expire, the aggression phase
must terminate, meaning the oracle price has to keep
steady for B blocks. An optional parameter repre-
senting blocks until expiration might be passed for
flexibility.

A tethered dutch auction order with rationally cho-
sen price coefficients should theoretically be able to
rest in the order pool for arbitrary time periods with-
out being sniped — whereas the quote never gets stale
— if the oracle resembles the price level on the pri-
mary price discovery platform, and is therefore the a
line of defence for the trader against toxic flow.

In practice, if the oracle m(b) has a maximum de-
viation of O‘E, the tethered order should fulfill that
—0 < w,a < 0. Assuming the actual market price
remains within the maximum deviation range, the or-
der will intersect with the real market price before it
expires.

For this order type to function correctly — both

in terms of ensuring the order is filled and avoiding

' Maximum deviation is generally measured in basis points.

vulnerability to arbitrage — it is crucial that the real
market pricﬂ consistently falls within the bounds of
the oracle price plus or minus the stated deviation.
If this condition is not met, arbitrage opportunities
may arise, and execution may not materialize. This
does not indicate a fundamental flaw in the approach;
rather, it underscores the importance of using an ac-

curate oracle.

Numerical Example
In figure [3] there is a visualization of an oracle dutch

auction order with the parameters

¢y = (o = —10 bp,w = +10 bp,
pr =lin,g =411 =28)

The trader’s intent is to buy a unit of the asset at
a price between -10 bp of the oracle price and 10 bp
above the oracle price. The asset is priced at 100 in
the beginning, and the oracle is assumed to deviate 10
bp. Assume the oracle is a proxy for the mid-price
on the primary price discovery venue for the asset.
The duration is 8 blocks and p, = lin indicates that
the inverse decay function will be linear according to
the order parameters. A linear price function will

effectively amount to

P (D)[b. =

o= 252 00| 0.

0.95-1.0

= {0.95 - (b— b*)] (by)

for b € [bo, b« + B], where b, is the time of the last
oracle update. Assume that the price-ticks of the
asset are a penny (0.01 units). The chronology of

events in the figure:

12The real market price is the price at which fillers can exe-

cute orders.
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Figure 3: An example of a tethered dutch auction
order. In this case, a trader is looking to buy a lot
of some asset, tethering the bid price to an oracle.
The bid price aggresses towards the oracle price on
b € [0,4], when the oracle receives an update at by, =
4. The bid price resets at the same ratio relative to
the current oracle price and starts aggressing again.
In absence of market makers and oracle updates, the
order expires when it finishes the aggression phase at
block b = b, + X = 12. Note that the steps are precise
to two decimal points, due to the truncation to price-

ticks of one penny.

1. At the placement time, bo, the oracle shows m(bo) =
100.0. The order starts it’s aggression phase on the
optimal ratio relative to the oracle: p(bo) = 100(1—
0.001) = 99.9.

2. On the interval b € [0, 4], the order aggresses towards
the less optimal wm(bg). The order will never exceed
that threshold.

3. Meanwhile, the mid-price increases until the oracle
is updated at b. = 4, such that w(b.) = 100.1.

4. The order aggression phase immediately resets at
pr(bs) = a - m(by) = 100.1(1 — 0.001) = 99.99.
Since the price-ticks are in pennies, this amounts to
m(b.) = 100.

5. The order price aggresses towards the less optimal
w - w(bs).

deviations, it terminates at b, + B = 12

In absence of fills, cancellation or oracle

For simplification, the price ticks are kept at p = 0.01,
so that all function values fall directly into a tick.
However, if the price ticks were less granular, e.g.
p = 0.05, truncation would further obscure the linear

dynamic in the aggression phase.

4.3 Time & Price Granularity

The aforementioned challenge of time granularity
on the EVM is built into the design at an imple-
mentation level. The prices of products traded on
the CDDA market must be split into increments.
This obstructs gamification via orders with non-
meaningful price changes, as discussed in Section
O] and simplifies the relationship between time and

price.

120

110

100

90

Price unit

80 —
---- Exponential decay, continuous T

01 __ Exponential decay, price function

60l Linear decay, continuous

—— Linear decay, price function

7 Bews 7
Figure 4: Two sell orders aggressing in discrete
price steps of p = 5. The price functions are ex-
ponential, pegp(b) = 120 - exp (—0.05-b), and lin-
ear, pun = 100 - (1 — 0.05 - b).

ularity, or ticks, are accounted for using ceilings:

The price gran-

p(b) = [p~ip(b)] - p where p is the tick size. Note
how the values of the exponential function are trun-
cated in the actual price of the order, so the lines do

not intersect precisely.



A suggestion for handing control of the discretiza-
tion to the trader would be to pass an optional pa-
rameter to the order. For example J € [0, 1], could
serve as an indicator whether the trader wants to dis-
cretizise "forward" (§ or "backward" (§ = 1).

If p(b) is the theoretical price function and py is the
value the price function takes in practice, this system

would calculate the value at block b as
pp=(1-10) pb)+5-p(b+1)

In Figure[d] a hypothetical example is shown using
linear and exponential decay. Both functions would

be § = 0 functions.

4.4 A CDDA Market

A didactic visualization of how the market for an as-
set might behave over an arbitrary time period is sim-
ulated in Figure|s| Assume that the oracle is a proxy
for the mid-price at a CEX, which is the primary
price discovery venue for the asset. In this specific
example, only two orders would be matched in the
absence of market makers, where the red (sell) order
and the blue (buy) order intersect at b = 4. Order
B is nominal and, if not matched, will continue to
aggress nominally and will not reset at the oracle up-
date. It is unlikely to be filled when compared to the
CEX price.

Orders C and D would run into the price-time pri-
ority variant applied in CDDAs. To prevent gami-
fication and meaningless price increments in orders,
the priority of each price level is given to the oldest
order. Therefore, when C and D share a price level at
the 8th block, C has execution priority, even though
it is aggressing more slowly.

As order E aggresses, the market moves against

it. Note that on block 14, as the mid-price diverges

from the buy order price, it effectively offers an arbi-
trage opportunity. The value of these opportunities
should theoretically never exceed 207(b) — generally
a low value. In a competitive filler environment, the
market makers’ competition would minimize the cost

incurred to the trader.

1003 —— Oracle price
---- Sell orders
---- Buy orders
100.2 Oracle deviation
-‘é’ c D___ Actual mid price
s 5 o
g 100.1 - EIE| T
= E-—-
S A
. |
100.0 —'_B T

99.9

Blo?k# "

Figure 5: An example for how a CDDA market for
an asset might be visualized. Orders A and B, in
absence of any market makers, would be matched on
block 4. If order B is nominal, and is not matched
with order A, it continues as the dotted lines from
b =5, although the mid-price is higher. Order C and
order D are both sell orders, but order D aggresses
faster. However, should a counterparty fill on the
price 100.1 at block b = 8, order C will be filled first.
Order E would under competitive circumstances be
filled before block b = 15 judging by the mid-price,

but restarts its aggression as the oracle updates.

In this scenario, the assumption is that the CDDA is
not, the primary price discovery venue. Under these
circumstances, it is highly unlikely that a large por-
tion of transactions are peer-to-peer matches. In-
stead, fillers are expected to act as the counterparty,
with competition between them ensuring close-to-
optimal prices.

When the CDDA is a secondary market, the con-

10



ventional maker-taker roles are effectively reversed:
taker orders stand by in the pool, as opposed to
maker orders, which rest on the central limit order

book.

vantages is severely limited, especially when front-

The profitability of microscopic speed ad-

running protection is applied, as discussed in Section
9. Only when two makers value the settlement of the
asset at exactly the same price in exactly the same
block will speed advantages matter.

The CDDA could theoretically become a primary
price discovery venue for an asset. Under those con-
ditions, peer-to-peer matching plays a much more im-
portant role. In any market, the price of an asset is
determined by genuine buyers and sellers, and the
role of the market maker on the CDDA would be di-
minished to a degree. In a scenario where price dis-
covery lies somewhere between the CDDA and other
exchanges, there is no obvious reason as to why the
CDDA would underperform compared to alternative

designs.

5 Multi-Stage Dutch Auction Orders

Multi-stage dutch auction orders (multi-stage dutch
auction orders) are order-types that enable complex
The

entry- and exit-stages of an order are defined as or-

conditional transactions in a CDDA market.

dered mixed sets of invariants that must be fulfilled
and operations that must be executed successfully,
for an order to be settled. Any actions and invari-
ants that can be embedded in smart-contracts are fair
game: Oracle checks, flash-loans, staking and unstak-
ing are just a few of the possibilities. Implementing
chains of multi-stage dutch auction orders using the
entry and exit stages vastly expands the potential

applications.
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The activation indicator is a crucial component of
these orders. The activation indicator is an invariant
in the that represents whether an order is executable.
It could, for example, adhere to time signals, price or-
acles, or any blockchain compatible function. This is
immensely important for flexibility in more advanced
trading strategies.

However, allowing for arbitrary activation indica-
tors, which are not possible to verify on-chain, is
the key to unlocking a vast universe of possible use-
cases. Leveraging the latest advancements in zero-
knowledge cryptography enables this.
zk-SNARKSs can be utilized to validate invariants at

constant time-complexity during settlement. Verify-

Specifically,

ing an invariant will carry the same transaction cost,
The

next hard fork of Ethereum, Pectra, is scheduled to

regardless of the complexity of the invariant.

go live in Q1 of 2025. Pectra adds new pre-compile
contracts to the EVM that make verification of zero-
knowledge proofs available at a feasible transaction
cost.

Order types such as market orders, stop-loss/take-
profit, all-or-none, immediate-or-cancel and fill-or-
killE are emulated easily using multi-stage dutch
auction orders. A market order could be a dutch
auction order with a starting price based on a re-
alistic signal, for example some price oracle for the
asset, and should be filled by the lowest (highest)
ask (bid) in the pool, given that they are priced rea-
sonably. Stop-loss and take-profit orders could be
implemented by pseudo-limit orders, using the acti-
vation indicator at the entry stage. The all-or-none,
immediate-or-cancel and fill-or-kill orders could all

be solved by invariant checks on the entry and exit

13Refer to Section [3| for a description of these order types.



stages.
In the following sections, a few examples of use

cases for multi-stage dutch auction orders are listed.

Dynamic Stop-Loss Orders

A bullish trader wants to buy ¢ units of asset X. A
unit of X is trading at roughly 100 quote units [qu],
and X and its derivatives can be quite volatile on
markets. He is not sensitive to the in-price and sets a
dutch auction order ¢px = (p, = 99,p, = 101, ¢, B),
where B is some arbitrary unit of time.

He wants to sell for a loss if the price X falls to
95 [qu], however, preferably not in a temporary bout
of volatility — for example, when the mid-price of X
has not exceeded 95 [qu| for a € Z; time units. If he
receives a proxy signal for the mid-price of X through
some oracle m(b), he can set up a pseudo stop-loss
order ¢x s = (P = pa = 95,—q,Bs = z) where
z is a large integer and the activation indicator is
c(b) = Ir()<o5vBelh—a,bjnF(b), Where Lis the indicator
function and F' indicates that the original buy order

has been filled at some point before b.

Time-Weighted Average Price Orders

A patient, bullish trader notes that she wants to buy
¢ units of X before midnight. However, she notes that
market volatility is rather high, and opts to spread
her volatility risk over the rest of the day. The time is
19:30, and her strategy is to trade in five settlements
(at 20:00, 21:00, ...).
5 batches of ¢/5, and set the activation indicator to
go off at 20.00. She can chain 4 of these in the post-
stage for 21:00, 22:00,...
roughly the oracle price at each step of the TWAP,

She can split the volume into

Assuming she is filled on

her effective fill price on the g order is an approximate
average of the price over the four hours in question.

This process can automated for numerous small
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portions over longer periods, so institutional traders

can alleviate potential market impact in large trades.

Parallel Orders
Flow trading is proposed by Eric Budish et. al. [4]

and one of the fundamental components of the system
is an order that comprises of weights, resembling a
portfolio. It is argued that portfolio-like trading is
more in line with the complex strategies applied in
modern financial markets.

Although there are no weight-like parameters in
the multi-stage dutch auction orders, a party can de-
liver a batch of chained multi-stage dutch auction
orders with coinciding invariants at the exit stage as

a facsimile for a portfolio-, or ETF-like order.

Collateral Auctions

Collateral auctions — or similar mechanisms — are nec-
essary for lending protocols to prevent the accumu-
lation of bad debt, and are conducted using various
auction structures through-out the DeFi space. Us-
ing dutch auction orders should theoretically lead to
optimal value retrieval, as opposed to using ratios
or nominal asks for the same collateral. Implement-
ing collateral auctions could possibly involve tethered
dutch auction orders based on predetermined oracles
by the exchange, effectively rerouting these auctions
to the DEX itself.

6 Key Improvements

Despite advancements in technology that have ren-
dered early hardware and software constraints largely
obsolete, market designers remain focused on engi-
neering new order types to mitigate the deficiencies
of a system that inherently reduces flexibility. CD-

DAs and multi-stage range orders offer numerous ad-



vantages over limit order books and alternative DeFi

designs:

. Toxic Flow: Tethered dutch auction orders
near-eliminate toxic flow if the oracle provided
is accurate enough. The theoretical maximum
value of arbitrage opportunities is low and mar-

ket makers compete to decrease their duration.

Price Priority: Generally, price is prioritized
over timing. Time-priority is greatly diminished,
although there are queues on price-levels to im-

prove fairness.

Time Flexibility: Although bound within the
constraints of the EVM time granularity and
quasi-subpenny rules, CDDAs are a step in the
right direction regarding both time- and price-
continuity. There is always a lingering potential
for faster computation and CDDAs can adapt to

faster- and slower blockchains.

Complex Trading: The multi-stage range or-
ders offers interconnected, multi-directional and
multi-asset trades that can facilitate challenging
trading strategies. Limit order books constrain
the same strategies due to their prioritization of

time and discrete nature.

MEV Accounting Shift:

er/maximal extractable value is intrinsic to

The risk of min-

blockchains. Miners or validators can, for exam-
ple, exploit transaction sequences to front-run,
back-run and/or execute sandwich attacks. Gas
fees are another consideration, and dynamic ac-
cording to blockchain throughput, exacerbating
price volatility and the cost of trading. Continu-

ous double dutch auctions shift the responsibility
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of MEV protection and transaction fees from the
user to the market makers, who are incentivized
to minimize the costs of trading to successfully
capture orders to settle. The traders addition-
ally benefit from a more transparent overview of

the total cost of trading.

7 Alternative Solutions to Toxic Flow

The issue of toxic flow in modern markets arises from
information and latency asymmetries. In order book
systems, new information can render resting orders
outdated or "stale," triggering predatory HF'T strate-
gies that exploit speed advantages to execute trades
before these stale orders are canceled. In DeFi mar-
ket designs like AMMs, toxic flow contributes to the
broader challenge of MEV.

Eric Budish et al. [3] advocate for frequent batch
auctions. They show that on HFT time-scales, price
correlations between closely related products break
down, creating arbitrage opportunities. Crucially,
the nature of these opportunities remains constant
over time, but the windows to exploit them shrink as
latency improves.

Baron et al. [II] differentiate between passive
HFTs, which provide liquidity, and aggressive HF'Ts,
which exploit arbitrage by sniping stale orders. They
estimate that 45% of aggressive HFT profits come at
the expense of passive market makers, with up to 20%
of total trading volume involving stale quote sniping.
Anirban Banerjee and Prince Roy [12] further show
that some regulatory structures incentivize HFTs to
take liquidity rather than provide it.

These studies highlight a winner-takes-all environ-
ment, where microscopic speed advantages are de-
cisive, while the often-cited benefits of HFT—such



as increased liquidity and tighter spreads—have not
meaningfully improved conditions for retail traders.
Toxic flow, particularly in the context of HF T, has
prompted a variety of responses over time, which are
outlined in this section. Several of these topics are
explored in greater depth in Budish et al.’s [3] argu-

ments for frequent batch auctions (FBAs).

7.1 Tobin Taxes and MTRs

Tobin tazes were proposed in 1978, long before the
conception of HFT. A Tobin tax imposes a fee to
each transaction, and was initially suggested to re-
duce what was regarded as excessive speculation and
In the 21st
century, this tax resurfaced as a viable option to cur-
tail the advantages of HFT, as firms that trade in

volatility in foreign exchange markets.

higher volumes would incur greater costs.

This approach does not directly address the chal-
lenge of stale-quote sniping, and presents an obvious
trade-off, negatively impacting the retail traders it is
meant to protect.

Imposing thresholds on message-to-trade ratios has
proven just as inadequate. As Baruch and Glosten [6]
demonstrate, flickering orders — rapid order cancella-
tions and replacements — are an equilibrium outcome
in limit order books. High message-to-trade ratios
are a byproduct of the system design, not a deliberate
tactic employed by HFT firms. Meanwhile, requiring
minimum resting periods for orders are a perverse in-
centive: they more-or-less ensure that traders are not
able to cancel stale quotes before arbitrageurs snipe
them [3].

7.2 Message Delays

A notable response to toxic flow came from Brad Kat-

suyama, whose efforts were popularized by Michael
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Lewis in his non-fiction Flash boys from 2014. Dis-
illusioned by consistently losing to predatory and
minimally unregulated HFT firms, Katsuyama co-
founded The Investor’s Exchange (IEX). IEX was
built on the principle of reducing the advantages of
marginal speed gains, to the benefit of retail traders.

The backbone of the IEX defense against HF'T was
the implementation of a deterministic message de-
lay to immediately executable orders, while cancel
and cancel-replace orders were routed straight to the
matching engine, bids and asks were sent through a
copper wire that effectively introduced a fixed 350
microsecond delay. This gives liquidity providers a
head start over stale-quote snipers in a race to react.

Several other exchanges have since adopted mes-
sage delay variants for similar purposes, using two
primary approaches: Constant-time delays and ran-
domized delays. Randomized message delays, such
as those introduced by ParFX, are generally imple-
mented for all messages — in which case, they do not
address stale quote sniping in particular, and rather
add a stochastic element to the result of the compe-
tition among HFT firms. Introducing fixed delays to
immediately executable orders, that exceed the speed
advantage HFTs have over retail traders, has proven
to be an effective strategy [3].

The asymmetric message delay does not address
the race to the top of the book. Such a race exists
when the minimum price incremen@ is large, com-
pared to what it would be in the absence of such a
constraint.

This race has been demonstrated to occur regularly

[14]. Particularly, it is in US regulated markets due to

14The minimum price increment is generally referred to as
the tick size.



the uniform one-cent tick size imposed by the SECE
The EU regulation governing tick sizes, under MiFID
I]]E and MiFIR, is more dynamic than the American
subpenny rule, as it considers a broader set of factors
when determining minimum tick sizes. In this con-
text, trading firms strictly prefer acting as liquidity
providers over engaging in stale-quote sniping.

In equilibrium, a price movement triggers two
races: one to snipe stale quotes, and another to secure
a top position in the order book to provide liquidity
at the new price level. While constant message de-
lays primarily address the first race, while CDDAs
and the FBAs described below acknowledge both of

them to some degree.

7.3 FBAs & Hyperliquid
Frequent Batch Auctions (FBAs) address toxic flow

by batching orders over a set period and executing
them simultaneously at a uniform clearing price. Mi-
croscopic speed advantages become irrelevant, and
responsive liquidity providers can almost always can-
cel outdated quotes in time. During sudden market
shifts, stale quotes that remain on the book are likely
to be cleared at a more favorable price as the market
responds efficiently.

Hyperliquid offers a solution that lies some-
what ambiguously between frequent batch auctions
(FBAs) and fixed message delays. On their pro-
prietary blockchain, cancel and post-only orders are
prioritized over immediately executable orders, effec-

tively processing transactions in blocks — or batches.

15Rule 612, "the subpenny rule", is readable here: https:

//www.law.cornell.edu/cfr/text/17/242.612
10Specifically, 49: https://www.esma.europa.

eu/publications-and-data/interactive-single-rulebook/

article

mifid-ii/article-49-tick-sizes.
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This introduces a "delay" for immediate orders, al-
though the time is neither constant nor entirely ran-
dom. While the order of transactions remains intact
after cancellations, it does not fully eliminate the race
to exploit stale quotes if they aren’t canceled in time.

In DeFi, participation poses challenges for im-
plementing FBAs. For example, CoW Swap uses
frequent batch auctions for peer-to-peer matching,
but most trading volume is handled by "solvers"—
a market-making system similar to the makers pro-
posed in CDDAs. In these cases, dutch auction mech-
anisms, driven by competition on price and time,

should lead to more efficient outcomes.

7.4 DeFi Space

The automated market maker (AMM) is the corner-
stone of decentralized exchanges (DEXs). AMM plat-
forms, such as Uniswap, rely on liquidity pools and
predetermined pricing formula@ for price discovery.
Ideally, AMMs are a fair representation of supply and
demand. However, when they are not the primary
venue for price discovery of the two assets, toxic flow
becomes intrinsic to their structure: price updates
unfold gradually based on trades within the pool,
giving arbitrageurs frequent opportunities, especially
when nearly instantaneous price corrections for the
same assets occur on more sophisticated exchanges.
One proposed solution to mitigate constant
price slippage is virtual automated market makers
(vVAMMSs). These platforms emulate constant prod-
uct AMMs utilizing virtual assets, removing the need
for liquidity providers. Yet, toxic flow remains inher-

ent to these exchanges. While vAMMSs resolve some

17The constant product market maker, zy = k, is a standard
example, where z and y are the quantities of the two tokens in

the liquidity pool, and k is a constant.
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of the limitations of traditional AMMs, they intro-
duce new challenges in maintaining price alignment
with the broader market [13].

In general, price discovery for reasonably liquid
blockchain assets does not take place on DEXs. Con-
sequently, on-chain limit order books and AMMs con-
sistently suffer from toxic flow. Most existing solu-
tions for improving prices either circumvent the prob-
lem by minimizing losses or rely on off-chain liquid-
ity providers—both approaches are found in certain

intent-based trading solutions.

8 Signed Intents

The starkest distinction between UniswapX and CD-
DAs lies in the order implementation strategies.
While UniswapX’s dutch orders are executed as
signed intents, CDDAs are designed for fully on-chain
orders.

One key advantage of signed intents is the absence
of transaction fees for unfilled orders. However, the
subsequent section will delve into the potential weak-
nesses of signed intents, particularly in areas such
as message spamming, order cancellations, and order
amendments.

This section will not discuss the issue of non-
meaningful incremental orders — although in some
part related to message spamming — whereas this
challenge is broader in nature and also applies to CD-

DAs. For further discussion, refer to Section [9}

8.1 Message Spamming

In the absence of order costs or protective mecha-
nisms, there is little to deter market participants from
flooding the exchange with excessive order messages.
This behavior, often referred to as message spam-

ming, can be driven by various motives, none of which

serve the broader market interest.

For instance, participants may engage in spam to
manipulate market sentiment, creating the illusion
of liquidity or demand where little actually exists
— spoofing. Another common tactic is to overload
the exchange infrastructure, disrupting operations for
competitive advantage or to exploit latency for high-
frequency trading strategies.

There are two logical solutions to this challenge:

fees and trust.

Fees

Introducing fees is a practical solution to deter exces-
sive order posting. Dynamic fee structures, which ad-
just based on overall message posting demand, offer a
more viable approach than pro-rata fees based solely
on trading volume. The latter fails to address the
issue of flooding the exchange with numerous small-
quantity orders.

Although dynamic fees are discriminatory in favour
of wealthier participants, this model has proven prac-
tical in low-trust environments. It mirrors the ap-
proach used by blockchains, where such mechanisms
promote fairness by limiting resource abuse while
maintaining system integrity.

However, using an off-chain relay network with fees
to manage blockchain assets is questionable, as the
blockchain itself already employs this model. If the
relay system were attacked, a fallback to the under-
lying blockchain is the viable strategy and further

obscures the purpose of the off-chain system.

Trust

The second option involves gatekeeping access using a
trust mechanism. These mechanisms must inherently
be able to meaningfully punish abuse and prevent

recurrence.
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Centralized trading venues use a combination of
fees and trust to protect their infrastructure, with all
network sessions being authenticated and stateful. If
a user violates rate limits, the session is terminated,
and reconnection attempts are screened by a load
balancer. If deemed malicious, the user is blocked
from reconnecting. Attacks require prior authentica-
tion, allowing the exchange to trace and cut off the
offender at the authentication level, which also rep-
resents the only real centralized point of failure in
terms of message spamming.

While an on-chain exchange could mimic this CEX
model, it contradicts the core principles of decen-
tralized finance. A private or semi-private execution
layer for certain assets might be a fitting use case,
but not for a public DEX.

8.2 Canceling & Amending Orders

Order cancellations and amendments in off-chain re-
lay networks, such as the one proposed by UniswapX,
face limitations due to their non-stateful nature. Off-
chain networks cannot natively support cancellations
or modifications of orders once posted. A crypto-
graphically signed order can only be invalidated by
taking an action on-chain, such as submitting a trans-
action with the same nonce, which effectively cancels
the original order.

This poses a problem for resting limit orders, where
users may want to modify their orders without incur-
ring the cost of on-chain transactions. While price
improvements can be handled off-chain by signing a
new order with the same nonce — since the more at-
tractively priced order will always be filled first— price
reductions require on-chain action. This is paradox-
ical: The off-chain system requires on-chain transac-

tions.
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For example, for a limit order to buy a token at
a price pg with the nonce X, one can only amend
the order off-chain by signing another order, with the
same nonce X, using a price p, > pg. This process
functions based on economic principles rather than
mechanic logic — that the order with the more favor-
able price will be executed first, and invalidate the
nonce of the previous order.

Theoretically, this approach is similar to how trans-
action cancellations work on Ethereum. In order to
cancel a transaction, a new transaction is submitted
with a higher priority fee, and the economic incentive
will almost surely result in the latter transaction’s in-
clusion ahead of the former in a block.

If the trader rather wants to amend a resting order
where the price is lower, p, < pg, the same economic
assumptions will not invalidate the previous order.
The only reliable way to amend the order (or com-
pletely cancel it) requires on-chain action. The off-
chain relay network therefore only allows you to post
an order - amending it or cancelling will generally
rely on the blockchain.

The primary reason for using an off-chain network
is to improve user experience by enabling ERC20
swaps without requiring native tokens for transaction
fees. This is particularly important as the number
of EVM blockchains increases.

still need to cancel or amend resting orders on-chain,

However, users my

which requires the native token.

A potential workaround is using the Permit2 dead-
line feature to automatically cancel and re-submit or-
ders periodically, which could simulate free order can-
cellations. However, since each order requires signing
with a private key, this method can’t be easily dele-

gated without compromising token security.



The dutch auction orders of the CDDA model are
not designed to be canceled — they are aggressive or-
ders, intended to be filled during their lifecycle. If
the dutch auction orders are not filled, they are ter-
minated. For the purposes of flexibility, however, a
combination of on-chain orders and signed intents is a
realistic possibility, and the problems associated with

it are included as a future reference.

9 Vulnerabilities

As of late, there has been a lot of discussion and
investment in so-called intent based protocols in the
DeFi space. This term has been used as an umbrella
term for anything that involves asynchronous execu-
tion of trades. Similar to the traditional relationship
between a client and a broker, a trader states their in-
vestment intent, and the broker deals with executing
that intent on their behalf.

Several of the proposed designs are intrinsically
flawed. Some obvious flaws have already been dis-
cussed in the previous section: trust- and stateful
systems and the potential points of attack. Request-
for-quote (RFQ) based intent systems are an example
of trustless failure, whereas RFQ is exploitable when
no counter-party trust exists.

Out of all the intents based platforms already built
or are being built, we’ve found none that address or

even identify the following concerns:

Minimum Price Increments

A market design that minimizes the spread is not al-
ways in the best interest of retail traders. There’s a
trade-off between having a small spread and main-
taining liquidity. The spread reflects the cost of lig-
uidity, paid by traders who seek immediate execution.

A wider spread typically leads to deeper liquidity but

lower trading demand, while a tighter spread results
in higher demand but shallower liquidity.

Minimum tick sizes as outlined in Section [7.2] en-
forced by all limit order books, regulate the small-
est price increment on an exchange. This rule man-
ages the balance between trading costs and liquid-
ity depth, often mandated by regulators, but also
self-imposed by exchanges to meet liquidity objec-
tives. Minimum tick sizes also prevent high-frequency
traders from "gaming" the system by marginally im-
proving prices to gain order priority, which can harm
fair execution for retail and institutional traders.

In DeFi, existing implementations of limit and
dutch auction orders, like UniswapX and Paraswap,
do not enforce a minimum price increment, with price
granularity limited only by token decimals@ This
allows traders to strategically place orders slightly

ahead of larger ones to gain priority.

Price-Time Priority

Modeling a market as an unordered pool of orders
has certain advantages, such as embedding gas costs
directly into the fill price, simplifying the complexity
of how traders pay for order settlements. Settlement

logic must also apply price-time priority:

1. Liquidity Provision: Time priority incen-
tivizes market participants to submit limit or-
ders early, thereby enhancing market liquidity.
Without time priority, participants would have
less motivation to submit orders in advance, as
newer orders could easily displace earlier ones.
By prioritizing the earliest orders at the same

price level, the system rewards those providing

18To the best of our knowledge, acquired in whitepapers and

articles.



liquidity, which contributes to price stability and

reduced volatility.

. Manipulation Prevention: In the absence of
time priority, larger or faster traders could ex-
ploit the system by frequently modifying or can-
celing orders at high speeds, a practice known
as "spoofing" or "layering." These orders are not
intended to be executed but serve to create mis-
leading signals regarding market demand. Time
priority mitigates this by ensuring that large
spoofing orders remain at the back of the price
queue, making such manipulative tactics more

identifiable and easier to disregard.

. Price Discovery: Time priority plays a crucial
role in promoting efficient price discovery. When
orders at the same price level are executed in
the order they arrive, the flow of orders more
accurately reflects genuine supply and demand
dynamics over time. Without time priority, as-
sessing true market interest at particular price
levels would be more difficult, as newer orders

could continually take precedence.

. Trust in Market Fairness: Finally, the per-
ception of fairness is essential for the integrity
of any market. Time priority fosters trust by
ensuring that participants who place orders first
at a given price receive priority over later en-
trants. If this principle were compromised, con-
fidence in the fairness and transparency of the
market would diminish, potentially leading to re-
duced participation and liquidity. Additionally,
filling larger orders placed later over smaller, ear-
lier orders undermines trust and opens the door

to "bribing" makers to prioritize certain orders.

19

This practice could effectively circumvent the
concept of minimum price increments, as partic-
ipants could place orders between discrete price

levels, weakening market structure integrity.

While these issues may not present an immediate
risk in the early stages of product development, over-
looking them in the long term is likely to result in
problems as the market matures. Initial design flaws
may go unnoticed with limited user engagement, but
swaps are an already validated use case. The market
design should be robust enough to operate as a stan-
dalone, mature structure rather than relying solely
on functioning as a proxy for centralized exchanges
(CEX). As the market grows and becomes a primary
venue for trading certain pairs, the risk of exploita-
tion will inevitably emerge if time priority and other

key principles are not properly enforced.

10 Contango V3

DeFi money markets provide users the ability to bor-
row against their crypto assets, maintaining price
exposure while accessing liquidity. Several traders
loop their assets by borrowing, buying more of the
same asset, and re-depositing it as collateral. This
strategy, though repetitive and complex, mimics tra-
ditional margin loans but with cheaper and more sta-
ble funding compared to perpetual futures contracts
[I5]. The process, often referred to as “looping,” lets
traders maximize exposure to a particular asset while

earning yield from the lending market.

About Contango
Contango offers one-click leveraged trading on decen-
tralized money markets. The process of looping is

simplified by securing flash loans and executing only



one swap for the full trade in one go. Contango han-
dles everything under the hood, including sourcing
swaps, simulating transactions, and submitting them
to smart contracts for execution, providing a seam-
less and efficient experience for users while eliminat-
ing the need for recursive actions.

We propose extending what is effectively the order
mechanism offered by UniswapX, as described in Sec-
tion[2] to include leverage. An order type that would
allow for arbitrary code execution during the lifecycle
of the settlement phase. A pre-hook could pull user
funds and initiate a flash loan, combining both as the
swap input. Once a swap is executed, tokens received
would be deposited into a lending market, allowing
the user to borrow against the deposit and repay the
flash loan. This structure would simplify the lever-
age process further, offering an intuitive and efficient
way for users to increase their market exposure while

ensuring all trades are collateralized.

Improving the Design

Addressing the issues discussed in Section [0} we pro-
pose an implementation of intent order types where
each swap combination of tokens A and B has a de-
fined minimum price increment. For dutch auction
orders, the price will aggress from its starting point
toward the end pricdﬂ incrementing toward the end
The order
should specify the number of blocks that must pass

price based on the number of blocks.

before incrementing by one price level.

Selecting an appropriate aggression speed de-
pends on factors such as market maturity and the
blockchain used, and should therefore remain con-
figurable. Orders can only be settled at defined

price intervals, which vary based on the assets being

19The client determines the price range.
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traded—similar to all traditional limit order books.
This would eliminate attempts to gain execution pri-
ority by marginally improving the price.
Additionally, we propose a system that strictly
enforces time priority for both regular limit orders
and dutch auction orders. Although this compli-
cates implementation, particularly with respect to
managing settlement costs, we believe it is essen-
tial to ensuring a fair and transparent market. The
strict enforcement of minimum ticks and price-time
priority—standard practice across all limit order
books—along with the other arguments presented in

this paper, underscores their critical importance.

Success So Far

Contango’s success so far has been largely driven by
its offering of leveraged positions on yield-bearing
ETH derivative pairs, such as wstETH/ETH. These
products enable traders to earn yield with minimal
price exposure. Price discovery for these deriva-
tive token pairs primarily occurs on decentralized
exchanges (DEXs), rather than on centralized plat-
forms like Binance. It is reasonable to speculate that
the DEXs and aggregators used by Contango ensure
near-perfect taker prices for these derivatives. In
contrast, products traded mainly on centralized ex-
changes are lacking at the price level, likely due to
the toxic flow issues discussed in this paper.
Building on that argument, for the volume of di-
rectional productﬂ traded on Contango to match or
surpass the volume of derivative token pairs, the fill
prices must improve. The current design, which re-
lies on taker orders on DEXSs, places directional prod-

uct prices at a significant disadvantage. This is be-

20Directional token pairs such as ETH/USDC are primarily
traded on centralized exchanges (CEXSs).



cause price discovery inefficiencies become more pro-
nounced in speculative trading, where net profits are
determined by fill prices. While the low and stable
funding costs of cPerps help offset fill costs in long-
and mid-term trades, Contango is effectively priced
out of the market for short-term leveraged trades.

A high-level diagram of the new design is shown in
Figure [6] With the advantages of the CDDA mar-
ket design, these products not only make short-term
trading on DeFi markets more attractive, but also of-
fer long-term positions that capture the best of both

worlds:

1. More stable and lower funding rates.

2. Entry and exit prices comparable to those on

centralized exchanges.

Our research indicates that DeFi money markets
are already a significant source of margin loans for
directional trading. On-chain data reveals single-
wallet ETH/USD positions reaching several hundreds
of millions. A common strategy involves using Aave
as the lending platform and Binance as the spot
venue. Traders typically build up these positions re-
cursively—borrowing on Aave, depositing in Binance,
buying ETH on the spot market, withdrawing ETH
from Binance, depositing it back into Aave, and re-
peating the process.

While this strategy might be feasible for large
traders, it is a slow and tedious process. Addition-
ally, managing the accounting — especially when us-
ing multiple spot venues — demands significant effort
or investment in specialized tracking and accounting
tools. Executing the strategy optimally also requires
careful consideration of how and where to route the

spot orders. Optimizing order routing would likely be
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Entry stage
« Pull funds from user

« [nitiate flash loan Filler 1

Filler 2

\J

Contango v3
Spot market

Y
Exit stage

* Deposit into lending market

« Borrow

* Repay flashloan

Figure 6: The design for a new cPerp involves a
Multi-Stage dutch auction order (multi-stage dutch
auction orders) that emulates the looping strategy. It
works by taking a flash loan at the entry stage, exe-
cuting a swap on a CDDA market, and repaying the
flash loan at the exit stage. The CDDA architecture,
along with specialized fillers, optimizes the order rout-
ing for the best possible fill price, compensating for
previous inefficiencies in price discovery, specifically

i short-term directional trades.

more efficiently handled by a network of specialized

fillers, each competing with each other.

Roadmap
We believe that Contango is well positioned to be-
come the leading DeFi brokerage business. A typical

brokerage serves two main functions:
1. Providing traders with access to margin loans.

2. Order routing, or trade execution



To date, Contango has integrated with 17 differ-
ent DeFi money markets to facilitate margin loans.
Each market offers a unique combination of collat-
eral and debt options, enabling us to offer a broad
range of trading pairs (currently over 290). For trade
execution, we use DEX aggregators to source swaps
for our traders, pulling from over 20 different DEX
aggregators to ensure the best possible swap price.
With Contango v3, we aim to enhance this by adopt-
ing an intent-based order routing system, which we
believe will make us more competitive, particularly
in heavily traded blue-chip asset pairs. We combine
money market integration and order routing with an
advanced trading UI. While a good user interface is
crucial for a quality brokerage, it must be paired with
competitive trade execution, which this new design
intends to address.

It’s also important to note that Contango v3 has
use cases beyond our current product offering. For
instance, the programmatic dutch auction order type
is ideal for liquidating positions on money markets.
DeFi money markets have steadily increased their
loan-to-value (LTV) ratios, making Contango more
competitive in leveraged trading. A more robust and
efficient spot market, as proposed here, will enable
even higher LTV ratios. Currently, LTV ratios in
DeFi are lower than those on centralized exchanges
primarily due to liquidity limitations in the DeFi spot
market. Platforms like Contango v3 will help increase
these ratios significantly, making DeFi more compet-

itive.
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