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Figure 2: Dependence of the loss on the price shift relative to the
liquidation threshold. Time window for the observation is 3 days

In this design, if someone borrows against collateral, even at liquidation
threshold, and the price of collateral dips and bounces — no significant loss
happen. For example, according to simulations using historic data for /USD
since Sep 2017, if one leaves the CDP unattended for 3 days and during this
time the price drop of 10% below the liquidation threshold happened -
only 1% of collateral gets lost.
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AMM for continuous liquidation/deliquidation (LLAMMA)
WLFR/ITRBRAJAMM (LLAMMA)

The core idea of the stablecoin design is Lending-Liquidating AMM
Algorithm. The idea is that it converts between collateral (for example, ETH)
and the stablecoin (let’ s call it USD here). If the price of collateral is high —
a user has deposits all in ETH, but as it goes lower, it converts to USD. This
is very different from traditional AMM designs where one has USD on top
and ETH on the bottom instead.

RN AYROERERLending-Liquidating AMMETA, XMEAR |, BIEHR
e (BIGNETH ) FORREm (XEBENBRZAUSD ) ZiaH b, ([RERFRmAY
MERARE-FRFPREGERERRETH |, BSNTRIFEET , B AUSDISET. X
SHHNAMMIZHHERARR , RFHAMMIZIHREUSDIZETE FE (AM
MHhZE L&, ) | ETHIENE (AMMBRZ FHE ) .

The below description doesn’ t serve as fully self-consistent rigorous
proofs. A lot of that (especially the invariant) are obtained from dimensional
considerations. More research might be required to have a full
mathematical description, however the below is believed to be enough to
implement in practice.
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TEREEF AR EA— B ESAINEUER, REERA (FhEARE ) #E2
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ERIEEHRLA BIASFEFSLhE.

This is only possible with an external price oracle. In a nutshell, if one makes
a typical AMM (for example with a bonding curve being a piece of
hyperbola) and ramps its “center price” from (for example) down to up,
the tokens will adiabatically convert from (for example) USD to ETH while
proving liquidity in both ways on the way (Fig. 3). It is somewhat similar to
avoided crossing (also called Landau-Zener transition) in quantum physics
(though only as an idea: mathematical description of the process could be
very different). The range where the liquidity is concentrated is called band
here, at the constant po band has liquidity from pcd to pcu. We seek for
pcd(po) and pcu(po) being functions of po only, functions being more
steep than linear and, hence, growing faster than po(Fig. 4). In addition,
let" s defifine prices pland pt being prices where pl(po)=po, and
pT(po)=po, defining ends of bands in adiabatic limit (e.g. p=po).

XRELIINEBRN ATk, BMELZ  Rg—BES T — N EEHIAMM (4l
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EMEESETEBREXEWRIRA KK (Band) , FEEERIpoiRERB M pcdEp
cUSiEEMYE. FAi1SKpcd(po)Flpcu(po) REAPoRIRER , RRETLVER TR |
FEitt , EEEREpotk (B4 ) . Woh , iEFRIHENEplFIp IENX Apl(po)=pofl
pT(po)=polYNtE , X FLEFWRRPAYKERR iR ( Flilp=po ) .

Figure 3: Behavior of an “AMM with an external price source” . External
price pcenter determines a price around which liquidity is formed. AMM
supports liquidity concentrated from prices pcd to pcu, pcd

We start from a number of bands where, similarly to Uniswap3, hyperbolic

shape of the bonding curve is preserved by adding virtual balances. Let say,

the amount of USD is x, and the amount of ETH is y, therefore the
“amplifified” constant-product invariant would be:

BAIN—ERERREE , SUniswap3f8{ll , £1d18IN "R | RETHSH
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LRI ERIMEZ. Eranii . USDRYERERX , ETHRUEERY , FEtt "1E52RY "HE-

FrRAEMERRE

We also can denote x0 = x + f and y0 =y + g so that the invariant can be
written as a familiar I=x0 y0. However, f and g do not stay constant: they
change with the external price oracle (and so does the invariant, so it is
only the invariant while the oracle price po is unchanged). At a given po, f
and g are constant across the band. As mentioned before, we denote pT as
the top price of the band and plas the bottom price of the band. We
defifine A (a measure of concentration of liquidity) in such a way that:

HA L AT LR X0=x + filly0=y +g , XHEARIMBEBET4IMI=x0 y0. BF ,
fAIgHAREFIARRY : ElIEEINFRSHUNSIEZAMEN ( FEERZILE
, FTLAERRAEMSHUNMEpo FRIAEE ) . EEENpo T , fRIgEENK
BRANZEARZER. R , BAHEpIRTAKRAITRENNTS | pl R IRERAIIESER
&, BHAIIGA (RETENMEESERIFER ) FENZXER

The property we are looking for is such that higher price po should lead to
even higher price at the same balances, so that the current market price
(which will, on average, follow po) is lower than that, and the band will
trade towards being all in ETH (and the opposite is also true for the other
direction). It is possible to find many ways to satisfy that but we need one:

HANEESHNEERXEFN | ESRNTSpoN SEEEHEBRIRI N ESRINTS

, AL, LUSRITRNE (PR , KiREpo ) T XMNME , FRIKERIGEE
BEBAETHRYAESESE (MA— 1A EBRALE ) . BEBHEIRSHERHE | B
AT

where y0 is a pO0-dependent measure of deposits in the current band,
denominated in ETH, defifined in such a way that when current price p, p1
and po are equal to each other, then y=y0 and x=0 (see the point at po=p!
on Fig. 4). Then if we substitute y at that moment:

Hehy0R— 1 Sp0BXaINE LIS RERGRAIFE: , LAETHARM , HENE 1 3
LUENt&p. plFlpofBEHESERT , My=y0 , x=0 ( WE4 Lpo=pTHIm ) . A,
BRIREA HEA—ZIBIy 3SR -

Price is equal to dx0 /dy0 which then for a constant-product invariant is:
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&< Tdx0 /dy0 , BBART—MEETMARERNR , BlE

One can substitute situations where po=p1 or po=p! with x=0 or y=0
correspndingly to verify that the above formulas are self-consistent.

Hefi JREEE AAx =08y =0k& X po=ptEipo=plAIRIR , LIFIE ERATEBISH.

Typically for a band, we know pT1 and, hence, pl, po, constant A, and also x
and y (current deposits in the band). To calculate everything, we need to
find yo. It can be found by solving the quadratic equation for the invariant:

—RERTF—NRER |, Bl FEpT , ittt iEpl. po. EEA , mExHy (iRERF
RIHEIRER ) « ATITERITRI—D , F(IFKEKElyo. BEULUULTUERTER
IR EREE

which turns into the quadratic equation against yo:
XA T Xy ol —IRTTFE

In the smart contract, we solve this quadratic equation in get_yO function.
EEREAYNT |, BiilEget_yOREFABXN IRGIE,

While oracle price po stays constant, the AMM works in a normal way, e.g.
sells ETH when going up / buys ETH when going down. By simply
substituting x=0 for the “current down” price pcd or y=0 for the

“current up” price pcu values into the equation of the invariant
respectively, it is possible to show that AMM prices at the current value of
po and the current value of p1 are:

EMSHUNEpoRIEARATHIRR T . AMMUL—RRAIA NS | Bia0 , TEAATEEH
ETH/ FEXRTSENETH, 3 iZ4tBiEx=035RA "0 Mk

"B & pcdaky=032m 8 "HEl FEk "BNMMEpcuBEX D RARTESTE |, BTk
BETEpofYHBIEMp 1A EHE FAVAMMMER !

Another practically important question is: if price changes up or down so
slowly that the oracle price po is fully capable to follow it adiabatically, what
amount yT of ETH (if the price goes up) or x| of USD (if the price goes
down) will the band end up with, given current values x and y and that we
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start also at p=po. While it" s not an immediately trivial mathematical
problem to solve, numeric computations showed a pretty simple answer:

B—AEBERILIRERE | RIRMBIIRCANLERE | BET ST B poTelrae
fig" B (E—NKERA ) IREEYE | BBATELSESRIEXY , FER(IBMp=
PoREHIKIR T | XNKRRESEUELYTRIETH ({RIRMNTSTER ) BixIAIUSD (
RANTETER ) . BERXAR— AL ERIZFR | B8 8 7 —
MESTORRIEE -

We will use these results when evaluating safety of the loan as well as the
potential losses of the AMM.

EFRNMERAIELUIRAMMASETETRRRT |, B EAXEER.

Now we have a description of one band. We split all the price space into
bands which touch each other with prices pl and pt so that if we set a base
price pbase and have a band number n:

EEREIIE TH— N RERNES. BAHE—IIRNSTASAETIRER , XEIKER
RUNTSp Mp MEE R , B , IR NRE— N EidiEpbase , HFE—NIKER

=n

It is possible to prove that the solution of Eq. 7 and Eqg. 5 for any band
gives:

ATEA—NRER , JLAEBBATU7FIATUSHIREER AT LASKIR -
which shows that there are no gaps between the bands.
XK Z B R B Sk,

Trades occur while preserving the invariant from Eq. 1, however the current
price inside the AMM shifts when the price po: it goes up when po goes
down and vice versa cubically, as can be seen from Eq. 8.

LERERNEMRE T ATNLIRIAEME B2, S8 Apokd , AMMSNERIZRD
IMESKERN - SpoNERY , EMSTE , RZTVA (MAHRE)  ANAZ8H
LIEH.
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LLAMMA vs Stablecoin

Stablecoin is a CDP where one borrows stablecoin against a volatile
collateral (cryptocurrency, for example, against ETH). The collateral is
loaded into LLAMMA in such a price range (such bands) that if price of
collateral goes down relatively slowly, the ETH gets converted into enough
stablecoin to cover closing the CDP (which can happen via a self-
liquidation, or via an external liquidation if the coverage is too close to
dangerous limits, or not close at all while waiting for the price bounce).

RUEME—HCDP , ML EERIHERm (IEEIH , BIZIETH ) RIGAFED

. IEAEEINEZILLAMMARINSEEIRN (XHFRURER ) | ASRIRA@EAYNTE T
HEXTERIE , ETHHASIRPE BRI E DR ERTIHCDP ( XAILIEE BREERE

; ?;é’ﬂ%ii@l‘%ﬁ%% , SRR EXPSAIRRS] | RKAEDNAHU , FITSHER

NEsGE )

When a user deposits collateral and borrows a stablecoin, the LLAMMA
smart contract calculates the bands where to locate the collateral. When the
price of the collateral changes, it starts getting converted to the stablecoin.
When the system is “underwater” , user already has enough USD to cover
the loan. The amount of stablecoins which can be obtained can be
calculated using a public get_x_down method. If it gives values too close to
the liquidation thresholds — an external liquidator can be involved (typically
shouldn’ t happen within a few days or even weeks after the collateral
price went down and sideways, or even will not happen ever if collateral
price never goes up or goes back up relatively quickly). A health method
returns a ratio of get_x_down to debt plus the value increase in collateral
when the price is well above “liquidation” .

LB RHEN—NMEED , LLAMMAS RS AT E BITRRATER
RER, SIRRAVNERMUET , EREHRERIRET. JRFELET KT i,
AFPBEEREHIUSDRSUTIER. AL EhEAETLUBE — M HthaIge
t x_down75iERiTRE. MMReBHNHET T ROERREIMEEEATUZS
R (—RRANSERRRNES FTERAEEEINLREZRLARNAE | EENRK
MM R TEREARRTRRATHE , MKEHASRE ) . ANBIET 581 "
Bt — M REINGIERAIEget_x_downSRSHILLE , BN IR RANEEN

When a stablecoin charges interest, this should be reflected in the AMM,
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too. This is done by adjusting all the grid of prices. So, when a stablecoin
charges interest rate r, all the grid of prices in the AMM shifts upwards with
the same rate r which is done via a base_price multiplier. So, the multiplier
goes up over time as long as the charged rate is positive.

'

S—MIEMIEFIRE , XNURMEAMMA, HERINAE., XEBITEE
MEE—IRRERTeRRT. EL , S—MRE™

ENRIZRIES , AMMARR—IINTESERSR Lz . 5 HERFIRr , XEEd—
ANERHNTRIREGTEY. Frd , RFEIEEIRIRZIER SR ERTEIRYHERSTT

Bz,

When we calculate get_x_down or get_y_up, we are first looking for the
amounts of stablecoin and collateral x? and y? if current price moves to the
current price po. Then we look at how much stablecoin or collateral we get
if po adiabatically changes to either the lowest price of the lowest band, or
the highest price of the highest band respectively. This way, we can get a
measure of how much stablecoin we will which is not dependent on the
current instantaneous price, which is important for sandwich attack
resistance.

LR tEget_x_downakget_y_uphT , FAIELERAEUNR HN1&BohE=
BN & polYiaE MFNHEIE M Ay HEE. ARRKIIE—T , MR poleiAithaT{y
IREXBNRERENTE , iEeSXBNRENTE  BRIIXoKis/ iaEmhadtifm
o IXHE , BAIM AT LASIE—AMUE T PSRBT i2EMALE , B MK THE1aY
BREHNE |, XN R EGEHIERERE, ****

It is important to point out that the LLAMMA uses po defined as ETH/USD
price as a price source, and our stablecoin could be traded under the peg

(ps
1). If ps
po.

TERIEHME , LLAMMAGAE N FETH/USDINERIpo ERIMEIRIE , B(i1805a
FEMRILAEESZ T (psl) {FL1ESESE, dN&Rpspo.

In adiabatic approximation, p=po/ps, and all the collateral
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stablecoin conversion would happen at a higher oracle price / as if oracle
price was lower and equal to:

FERFOREF |, p=po/ps , —IKIHR
REMNERRE R ERSHFSTUNMS /GRS HIINIEREREET

At this price, the amount of stablecoins obtained at conversion is higher by
factor of 1/ps (if ps

EXMNMET | R ESHISEMRISEES H1/psRIFREN (AR ps

It is less desirable to have ps >

1 for prolonged times, and for that we will use the stabilizer (see next)
FERKEA , ps>

LEAKRERER , MEBISERRESR (WF—FT) .

Automatic Stabilizer and Monetary Policy

BalfsEss IR mEBER

When ps >

1 (for example, because of the increased demand for stablecoin), there is
peg-keeping reserve formed by an asymmetric deposit into a stableswap
Curve pool between the stablecoin and a redeemable reference coin or LP
token. Once ps >

1, the PegKeeper contract is allowed to mint uncollateralized stablecoin

and (only!) deposit it to the stableswap pool single-sided in such a way that
the final price after this is still no less than 1. When ps

Hps>

16T (B0, BTFREMRFEKIEN ) | aEweElN i  BisEmiNnEE
KSZ M LPRH BRI TREGAZstableswap Curveithfizak, —Bps>
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1, PegKeeper&ZUfi it isia CIkARRRET , FAERIGER D Hstableswap
i, X RRIRZNMSIRANMET L. Sps

These actions cause price ps to quickly depreciate when it s higher than 1
and appreciate if lower than 1 because asymmetric deposits and
withdrawals change the price. Even though the mint is uncollateralized, the
stablecoin appears to be implicitly collateralized by liquidity in the
stablecoin pool. The whole mint/burn cycle appears, at the end, to be
profitable while providing stability.

XEAT/IREUN TS psE T IERETHE , (RT1HTHE , BT AXIFREVERAIRFA
7 iNg. BIEEXEER " 2IREHRER , EREDUFEHRETEFAYE
Eﬂ'{iﬁ%’&?&ﬁi%ﬂ’ﬂo BN/ KEREREUF 26 ER , RIRETR
EE.

Let’ s denote the amount of stablecoin minted to the stabilizer (debt) as
dst and the function which calculates necessary amount of redeemable USD
to buy the stablecoin in a stableswap AMM get_dx as fdx(). Then, in order
to keep reserves not very large, we use the “slow” mechanism of
stabilization via varying the borrow r:

IBHEHESRRES: (1755 ) FRREMEHER/Adst , {EitH Estableswap
AMM get_dxhENREDFTRAYAIIERIUSDEERIREERT X () . AT,
ATIRTF " AKX, BAITEISEMERRER "&I8 "B ETH.

where h is the change in ps at which the rate r changes by factor of 2
(higher ps leads to lower r). The amount of stabilizer debt dst will
equilibrate at different value depending on the rate at ps=1 r0. Therefore,
we can (instead of setting manually) be reducing rO while dst/supply is
larger than some target number (for example, 5%) (thereby incentivizing
borrowers to borrow-and-dump the stablecoin, decreasing its price and
forcing the system to burn the dst) or increasing if it' s lower (thereby
incentivizing borrowers to return loans and pushing ps up, forcing the
system to increase the debt dst and the stabilizer deposits).

HAphZRpsHy3it | ImERiIR 925 ( psiths |, ik ) . FRERRRSTdstiVEE
BikiEps=1 rORNERREARRWE LS. Eit , HIATLL (MARFIRE ) 7£d
st/supply KFEABRIEE ( HIan5% ) BRIAr0 ( NMBESHERABAFHLR
EM , FHEEMMEHIRGERFIEKst ) |, KIFESBIRASEIN ( N\TISSEERA
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|FIETFARFHEHps TFE , IM{FERFIEINERNAStFIFRESSFAA ) .
Conclusion / B4

The presented mechanisms can, hopefully, solve the riskiness of liquidations
for stablecoin-making and borrowing purposes. In addition, stabilizer and
automatic monetary policy mechanisms can help with peg-keeping without
the need of keeping overly big PSMs.

HBEFTREAEIREBA B NTISREDIERFRMELLEENXYE., i,
ISERRFI BN S MBERIE A LA RIFNMEHE | AR KRIFIIARIPSM ( Pe
g Stability Module $iEREHELR ) .
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