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QPRLib Introduction

QPRLib (Quantitative Pricing Risk Library) is a foundational library developed for
the Chinese and Hong Kong financial derivatives markets. It provides pricing and
risk measurement capabilities for specific over-the-counter (OTC) instruments
across equity and fixed-income categories, such as structured snowball products
and convertible bonds.

This project is under continuous development, and we envision the final version
of the QPRLib library to provide the following functionalities:

Capability to handle all common financial derivative instruments (e.g., fixed-income products, OTC
equity-structured products, etc.);

Multiple models and algorithms available for user selection within the same product category;

A comprehensive analytical framework including product construction, data import, model
calibration, pricing and valuation, as well as risk analysis;

Diversified interfaces and seamless IT integration



QPRLib Introduction

Structure

/
e Math 3
¢ Optimization, Equation Solver, MC, etc.
* Finance
*|R, Vol surface, etc.
e Derivatives
e Equity, IR, FX, Credit, Blockchain
* Models & Calibration

*IR models and Calibration
*\/ol models and Calibration

Basic Library

N

Pricing Library

¢ BS Framework

* Analytical
*PDE
*MC

¢ LV/SLV Framework

*PDE
*MC

¢ Market Risk

e Greeks
*DVO1

e Scenario Analysis

*VAR/ES
e Stress Test

¢ Counterparty Risk

Risk Library

Interface

¢ API

e Excel XLL/Excel web add-in
ePython API

* Software




QPRLib Introduction
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QPRLib Introduction

Models & Algorithms For Equity Derivatives

Products BS Local Vol Heston Stochastic Local Vol
Analytical PDE MC PDE MC Analytical PDE MC PDE MC
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QPRLib Access

WEB

Deployed on 47.115.61.38
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http://47.115.61.38/

QPRLib Access

Install on Computer as Excel Add-in

X¢F  Fe BA LB TEnR AN $E R ME SdT FPRTR NS W) Inquire  Acrobat  Workspace  Choice#fi® Wind  QPRLib CttE | [
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Download the installation package from the W WX G G E R R

PolyU official website e T e
(https://www.polyu.edu.hk/rcaf/qprlib-cn.html ) N —

by obtaining the Installation.zip file. = -

After extraction, navigate to the
Installation_online folder. Depending on whether § [ ** =

your computer uses Excel or WPS, right-click the = || e

corresponding .bat file and run it as an u S

administrator to complete the installation.
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QPRLib Access

Choice Terminal
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QPRLib Products

Euro/Amer Option

: _ (St — K)+, CALL Euro: Exercise at T;
pavert: ValSn. 1) = { (K —Sp)*, PUT Ame: Exercise before or at T,

Digital Option

I CALL
{ST=K}
Payoff: T) =
ayoff: Vr(S7,T) {I{STSK};PUT



QPRLib Products

Barrier Options — Single Barrier Barrier Options — Double Barrier
Barrier Product Description Relation between Barrier B Barrie Product Description Relation between Barriers 51, B
Type and Initial Price 50 rType and Initial Price S0
Upln If any observation date Ot = B, product B> 5, Knockl If any observation date S; 2 By or B, <S5, < B,
behaves as the corresponding European - Sf < Bl L S T BT
P =42 u \%
option; if all S, < Br payoff = 0 at maturity. corresponding European option; if all
B, < Sr < By payoff = 0 at maturit
UpOut If any observation date St = B, product '  PaY e
expires; if all Sf. < B, product behaves as el Fe e S5 Sf > Bz or
the corresponding European option. S < B
Out t = D1, product expires; if all
B, <S5 <B.
Dnin If any observation date St < B, product B <5, ! ! 2, product behaves as the

behaves as the corresponding European corresponding European option.

option; if all Sf. > B, payoff = 0 at maturity.

DnOut If any observation date St < B, product

expires; if all Sf. > B, product behaves as
the corresponding European option.



QPRLib Products

Asian Option
Strike Type Average Type Payoff
Float Strike Arithmetic Vr(Sy, T) = (Sr—S4)" caLL; (Sa—S7)7 put
Float Strike Geometric Vr(S1, T) = (S7—8¢)" caLL; (S¢ —S1)™ put
Fixed Strike Arithmetic Vr(S7, 1) = (84— K)* car; (K—54)7 purt
Fixed Strike Geometric V(S T) = (S — K)™ caLL: (K—Sg)™ put

1
s, =—N"5
. Arithmetic average: * NZ !

1/N
- Geometric average: S¢ = (HSF)



QPRLib Products

Lookback Option

Strike Type

Float Strike

Float Strike

Fixed Strike

Fixed Strike

Call/Put

Call

Put

Call

Put

Payoff

VSt T) = Sp— Siin
VE(Sr:T) = Spax — 51
Vi(S1, T) = (Sppax — K)7

Vi(Sp,T) = (K~ S

111'11'1)



QPRLib Products

Shark Fin——Single

UpOut Single Shark Fin (requires strike price < knock-out price):
€ Case A: If an upward knock-out occurs during the period, the payoff = Principal + annualized upward knock-out return.
€ Case B: If no knock-out occurs and the maturity payoff is below the strike price, the payoff = Principal + annualized guaranteed return.
€ Case C: If no knock-out occurs and the maturity payoff lies between the strike price and the knock-out price, the payoff = Principal + annualized
[guaranteed return + (underlying closing price — strike price) x participation rate].
DnOut Single Shark Fin (requires knock-out price < strike price):
@ Case A: If a downward knock-out occurs during the period, the payoff = Principal + annualized downward knock-out return.
@ Case B: If no knock-out occurs and the maturity payoff is above the strike price, the payoff = Principal + annualized guaranteed return.
@ Case C: If no knock-out occurs and the maturity payoff lies between the knock-out price and the strike price, the payoff = Principal + annualized [guaranteed
return + (strike price — underlying closing price) x participation rate].

Shark Fin——Double

€ Case A: If an upward knock-out occurs during the period, the payoff = Principal + annualized upward knock-out return.
€ Case B: If a downward knock-out occurs during the period, the payoff = Principal + annualized downward knock-out return.
€ Case C: If no knock-out occurs and the maturity price lies between the upper and lower strike prices, the payoff
= Principal + annualized guaranteed return.
€ Case D: If no knock-out occurs and the maturity price lies between the upper strike price and the upper knock-out price,
the payoff = Principal + annualized [guaranteed return + (underlying closing price — upper strike price) x upper participation rate].
@ Case E: If no knock-out occurs and the maturity price lies between the lower knock-out price and the lower strike price,
the payoff = Principal + annualized [guaranteed return + (lower strike price — underlying closing price) x lower participation rate].



QPRLib Products

Touch——Single

* & o o

Case A: Up-Touch Type: If the stock price touches the upper barrier during the contract period, a fixed payoff is received; otherwise, the
contract expires worthless at maturity.

Case B: Up-No-Touch Type: If the stock price does not touch the upper barrier at any time during the contract period, a fixed payoff is
received at maturity; otherwise, the contract terminates upon touching.

Case C: Down-Touch Type: If the stock price touches the lower barrier during the contract period, a fixed payoff is received; otherwise, the
contract expires worthless at maturity.

Case D: Down-No-Touch Type: If the stock price does not touch the lower barrier at any time during the contract period, a fixed payoff is
received at maturity; otherwise, the contract terminates upon touching.

Touch——Double

Case A: Up-Touch Type: If the underlying price touches either the upper barrier or the lower barrier during the contract period, a fixed
payoff is received; otherwise, the contract expires worthless at maturity.

Case B: Up-No-Touch Type: - If the underlying price does not touch either the upper barrier or the lower barrier during the contract period,
a fixed payoff is received at maturity; otherwise, the contract terminates upon touching.



QPRLib Products

Three-Layer

Three-Layer Structure (Bullish: returns increase across intervals 1, 2, 3; Bearish: returns decrease across intervals 1, 2, 3):

€ Case A: If the condition is met: Final underlying price / Initial price < Strike price K1, then the payoff = Annualized return of Interval 1.
€ Case B: If the condition is met: K1 <= Final underlying price / Initial price <= K2, then the payoff = Annualized return of Interval 2.

€ Case C: If the condition is met: Final underlying price / Initial price > Strike price K_2, then the payoff = Annualized return of Interval 3

Accumulator

Case A: On the observation date, if the underlying price lies between the upper and lower bounds, the option buyer purchases a specified
guantity of the underlying asset at the lower bound price.

Case B: On the observation date, if the underlying price is below the lower bound, the option buyer purchases leverage x specified quantity
of the underlying asset at the lower bound price.

Case C: On the observation date, if the underlying price is above the upper bound, no settlement is made for that period.



QPRLib Products

Warrant

Same as European/American options.
Note 1: Exercise ratio defines how many units of underlying asset each warrant converts into.

Note 2: CBBC (Callable Bull/Bear Contracts) resale price refers to the residual value or settlement price upon mandatory
redemption or maturity.



QPRLib Products

Autocall——SB

* & o o

Case A: On a knock-out date, if a knock-out occurs and a prior knock-in has occurred, the knock-out payoff = R
(annualized).

Case B: On a knock-out date, if a knock-out occurs and no prior knock-in has occurred, the knock-out payoff = R
(annualized).

Case C: If no knock-out occurs on any knock-out date, and a knock-in occurs before maturity, the maturity payoff = min
(underlying/return,0).

Case D: If no knock-out occurs on any knock-out date, and no knock-in occurs before maturity, the maturity payoff = R
(annualized).

Autocall——TX

L X X 2

Case A: If no knock-in occurs before maturity, the maturity payoff = (annualized).

Case B: If a knock-in occurs before maturity and the final underlying return >, the maturity payoff = (annualized).
Case C: If a knock-in occurs before maturity and the final underlying return <, the maturity payoff = underlying return
(or underlying decline)



QPRLib Products

Autocall——PH

Case A: On a knock-out date, if a knock-out occurs and a prior knock-in has occurred, the knock-out payoff =Jt*R .

Case B: On a knock-out date, if a knock-out occurs and no prior knock-in has occurred, the knock-out payoff = Jt*R .

Case C: If no knock-out occurs on any knock-out date, and a knock-in occurs before maturity, and ST>=S0, then the maturity payoff = Jt*R.
Case D: If no knock-out occurs on any knock-out date, and no knock-in occurs before maturity, and ST<SO, then the maturity payoff = Jt*R +
min(underlying return, 0).

Case E: If no knock-out occurs on any knock-out date, and no knock-in occurs before maturity, then the maturity payoff = Jt*R .

* G000

Note: Jt represents the number of effective observation months at valuation, i.e., the number of knock-out observation dates on which the underlying closing
price exceeded the knock-in price.

Autocall——TO

Case A: On a knock-out date, if a knock-out occurs and a prior knock-in has occurred, the knock-out payoff = R(non-annualized).

Case B: On a knock-out date, if a knock-out occurs and no prior knock-in has occurred, the knock-out payoff = R(non-annualized).

Case C: If no knock-out occurs on any knock-out date, and ST>=S0, a knock-in occurs before maturity, and , then the maturity payoff = 0%.

Case D: If no knock-out occurs on any knock-out date, and ST<SO, no knock-in occurs before maturity, and , then the maturity payoff = underlying decline.
Case E: If no knock-out occurs on any knock-out date, and no knock-in occurs before maturity, then the maturity payoff = R(non-annualized).

LA X 2 X 4



QPRLib Products

Autocall——7ZL
€ Case A: On a knock-out date, if a knock-out occurs and a prior knock-in has occurred, the knock-out payoff = R1 before T; knock-out payoff = R2 after T.
€ Case B: On a knock-out date, if a knock-out occurs and no prior knock-in has occurred, the knock-out payoff = R1 before T; knock-out payoff = R2 after T.
€ Case C: If no knock-out occurs on any knock-out date, and a knock-in occurs before maturity, the maturity payoff = min(underlying return,0).
€ Case D: If no knock-out occurs on any knock-out date, and no knock-in occurs before maturity, the maturity payoff = R2.

Autocall——JQ
€ Case A: On a knock-out date, if a knock-out occurs and a prior knock-in has occurred, the knock-out payoff = R (annualized).
€ Case B: On a knock-out date, if a knock-out occurs and no prior knock-in has occurred, the knock-out payoff = R (annualized).
€ Case C: If no knock-out occurs on any knock-out date, and a knock-in occurs before maturity, the maturity payoff = min (underlying return,0).
€ Case D: If no knock-out occurs on any knock-out date, and no knock-in occurs before maturity, the maturity payoff = R (annualized).

Note: The knock-out boundary decreases proportionally with each knock-out date.



QPRLib Products

Autocall——HL

Case A: On a knock-out date, if a knock-out occurs and a prior knock-in has occurred, the knock-out payoff = R (annualized).

Case B: On a knock-out date, if a knock-out occurs and no prior knock-in has occurred, the knock-out payoff = R (annualized).

Case C: If no knock-out occurs on any knock-out date, and a knock-in occurs before maturity, the maturity payoff = min (underlying return,0).
Case D: If no knock-out occurs on any knock-out date, and no knock-in occurs before maturity, the maturity payoff = Dividend coupon (< R).

LA A X 4

Autocall——AB

€ Case A: If a knock-in occurs during the period, the maturity yield = underlying return — 1.
€ Case B: If no knock-in occurs during the period, the maturity yield = max (0,underlying return - strike price percentage).

Note: If a cap clause exists, the yield is limited to the capped yield.

Autocall——AO

€ Case A: On a knock-out date, if a knock-out occurs, the knock-out payoff = R_1 (annualized).
€ Case B: If no knock-out occurs on any knock-out date, the maturity payoff = R_2 (annualized), where typically R_2<R_1.

Note: Unlike the classical snowball structure, this product does not contain a knock-in clause and is capital-protected.



QPRLib Pricing——Autocall(SB)

Essence of the Classic Snowball:

The classic snowball essentially represents a double-barrier put option purchased by the issuing broker from
investors, with Down-and-In (Dnin) and Up-and-Out (UpOut) features. This product combines a safety cushion, high
probability of success, and relatively stable medium-to-high returns, while carrying tail risk as a nonlinear
investment instrument.

Market Expectation of Purchasing a Classic Snowball:

The market outlook for buying a classic snowball is similar to that of selling a put option. The expectation is for a
moderate upward trend or sideways consolidation in the market, without significant upward or downward
movements
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QPRLib ——Autocall(SB)
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QPRLib ——Autocall(SB)

Step 1: In the menu
bar, click “Product
Selection” to create a
product template.

X FFA

e

BN TmEms A R =W B BT FFRTHR MEW  %B)  Inquire  Acrobat Choice#f#2 Wind QPRLib

[l B L2 o

FEIE|  HWEND HES R B K
B By Ay E GE EE

TR ez N
B SNCEGTER > ES vy -
Flies > sy > | D E F G H I J K L M N o P Q R S T u V  a
> v ] seewen > s EHIMTE B ERAHEN
- Pricing Risk
3 | Library sl >
4 =&
s T —
g, s >
8 IS5 = REHE
9 | —E=xiE TiHSE BRBH =k
10 B HERRMSt 5.711 BE B F(%) 103.000 2024-12-02 2B TIRHR:
1 H1EH EaRpL FRBFIE®) 2.500 BRNIDSR(%) 70.000 2025-01-01 BEA EaE BERRLE B2 BIRA, B IS =RIEL):
12 H3H o T %) 0.000 BHWESE  Monthly 2025-02-03 TEE: Bt BEIREE B 2 kB, B =R(E)
13 T HAH 24.152 HEAMAERR? NO 2025-03-03 BTC FTERL BHRIRAE B TR AR, FIHRIRA-MINGFREYKELIE, O)
14| x| Autocanzz > | i%ﬁ%ﬁ(ﬁﬁ]ﬂiﬁ 5.946 2025-04-01 1ERD: R BEARmE BRIz AT R R AR, ZHRE=REFL)
15 BFTL T 2025-05-01
16 FESRY  15.000 REEH 2025-06-02
17 EETE 2025-07-01
18 ] 2025-08-01
19 Ly 2025-09-01
20 | SEEH 2025-10-01
21 2025-11-03
2 e (i)
23 | RIS A 4T TR
2:’ =
eol B S
27 |
28
29
30
31|
32
33
34
35
36
37
38
20 v
< > AAFR  HiEME BEE  EhE NRES AF R >

RS RENARIES A=

i) B ———8——+ 100%



QPRLib ——Autocall(SB)

Step 2: In the
“Contract Terms”
worksheet, modify
the corresponding

product parameters.
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QPRLib ——Autocall(SB)

Step 4: In the “Model
Calibration”
worksheet, select a
specific pricing model,
then perform the
“Model Calibration”
operation to obtain
the calibrated model
parameters and
compare market
results with the model
outputs.

oy @ BE
Ll y|=2 K] K
PR ENTH dES| EE | ' KR _ . o
Ee | e ae | B | HE R b FTECARTTISEIEEI S, AR SR

FRER ERITERGEENRE 188

F31

[ A P Q R S T u v w
1 .
P - Quantitafive,

| Pricing Risk!
3 Library
4 BOE#E | SLV(Heston+LV. s
Z | - R i E L7 TAERE B ASE BABSEY AR ERMHEER, ENEMEE SHOALLEREY
7|
8 SLVAE IR RS T O

1 1
9 dS/s = rdt + Y uL(tS)dWL AR AR E
10 | dv = k(B-vydt + £V vdW2
11 dW1dW2=pdt
12|
13| HestonBUEE R SLVECHE R 5h % i
14 SHE 3 K 0 £ 7T NEFFIK/S0): BT R REIHFIIT)
15| MIE S 0.017 2.000 1.000 -0.100 0.017 0.048 0115 0210  0.460 T ™
16 | U BEH 0,053 2.000 0.344 -0.090 0.017 0.841 0.270 0.198 0.195 0182
17| #EFeller: TRUE 0.862 0.244 0185 0.187 0179 023 1SN 0.19 5
18| 0.882 0.218 0174 0.180 0176 :
19| 0.903 0.193 0.166 0173 0174 0.13 | 0.14 -
20 H ] 27 /NS S # 0.923 0.170 0.158 0.168 0172 0.84 0.88 0.92 0.96 1.01 1.05 1.09 0.84 0.88 0.92 0.96 1.01 1.05 1.09

. T estont&Hy JHestont&HY 2
21 e AL, WERS A REEA S 0944 0152 0152 0163 0170 e " o -
22| 0.964 0.139 0148 0.160 0.168
23| 0.985 0132 0144 0157 0167 3 -
24 | 1.005 0.131 0143 0.155 0.166
25 | 1.026 0135 0143 0.154 0.166 \
26 | 1.046 0.144 0.145 0.155 0.165 0.18 \‘—
27 | 1.067 0.159 0148 0.156 0.165 0.15 A7 e T e e
28 | 1.087 0178 0151 0.158 0165 0.84 0.88 0.92 0.96 1.01 1.05 1.09 0.84 0.88 0.92 0.96 1.01 1.05 1.09
29 | 1.108 0.198 0.156 0.160 0.166 e -
30
31
32 /
33 s -
34 R AR BN R AR S 2R E e N
35 i SRR EHE LR
36 |
37|
38 |
39
40 |
41 |
42 |
43 |

< > afEsy  iinge  BERE mpnE AkE=S 1

SLVIEEUGHESERE, InfTadIE: 2.576172F)

B ——e— 90%




QPRLib ——Autocall(SB)

Step 5: In the “Pricing & o &a|B |k °™
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QPRLib ——Autocall(SB)
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QPRLib——Convertible Bond

Convertible bonds (short for convertible corporate bonds, also known simply as convertibles) are a special

type of corporate bond that can be converted into common stock at specific times and under certain
conditions.

Convertible bonds combine the characteristics of both debt and equity. Like other bonds, they carry a fixed
interest rate and maturity date, allowing investors to hold them until maturity and receive principal plus
interest. At the same time, during the conversion period, holders have the right to convert the bonds into a
certain number of shares at the predetermined conversion price.



QPRLib——Convertible Bond

5 | @ mm
(& » & B £
. i “ i e WA MiES EE BN KR
Step 1: Click “Product Selection / TR Wwh gES WD S0 A
Interest Rate Derivatives / 1 g > [EREEEImE v
: ” SN P v
Convertible Bonds” to create a o
RiZshies > TS < Z 2 k 2 L 9 Y i it
convertible bond product 2| mmEpER > | ke
3 1 1ib .
template. al ™™ = e
5 fEtER: AR
7| Flmis
8 - R BHER
9 | % BT BTt ERER EEER EEEH ERESE ERmERAR
10 HER =8 ABS ERERA R EREEH 7 £ R = (30K EL)
1 ! LEERH BEEREN EEREH 7 SR (24 B EEAL)
12 R BEZZN Y 15 EIEL£HN Y 30 A st A (60 3 k)
13 R BEEHM 30 EE&HM 30
14 2H7E/#288 FEAFRE -1 FEAERE 1
15 falp-l=| E3b-cldming
16 HEH
17 EBHfiHS
18 ITEHA ACT/365F
19 EENE
20 | Fe R FI) 22
21 A= 0.00%
22 LIF)E 0.00%
23 FEL 0.00%
24 FAEKE  100.00%
25 HLRINERIE 0.00%
26 | HHEFH
27
28
29|
30| AT
31 F—2. REEEEBES A/ Choce UiRR/ SARMEIE/F—5 TR E £ TR R,
32| % BCLOSTEEERE RN ARATRDEEES \/ChoceliB R/ SARFEE/E -5 BHEREEEEES
33| E=H AHEFLE: BOMEE, EE_ I THERTEELE.
34
35
36 |
37
38|
39
40 |
41|
42 |
2] v
< > SREF]  EiMhE + >

IR R BT

i H -——+ 90%



QPRLib——Convertible Bond
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QPRLib——Convertible Bond
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Black-Scholes(BS)

@ Process
Under the Black—Scholes (BS) model, the underlying asset price follows a lognormal
distribution, with volatility assumed to be a constant o :

dS/S = (r — q)dt + o dW;

Since the option price is monotonically increasing with respect to o, there exists a
one-to-one relationship between volatility and option price. The volatility

0 imp inferred from market-traded option prices is called implied volatility. The
collection of implied @,,,,, (K, T) across different strike prices K and maturities T forms
the implied volatility surface.



Local Volatility(LV)

@ Process
Under the Local Volatility (LV) model, the underlying asset price follows a lognormal distribution, where
volatility is a deterministic function of S and t, denoted as g, (S, t)

dS/S = (r — q)dt + g,y (S, t)dW,

The LV model is generally divided into two categories:

1. Parametric models: If 0, (S, t) is expressed in a parametric form, such as the CEV model, (S, t) = g,5#~!

2. Dupire model: Since g, (S, t) corresponds one-to-one with the implied volatility o;,,,,, (K, T), the
market implied volatility surface uniquely determines the local volatility functiono (K, T);

In QPRLib, the implemented version is the Dupire model.



Local Volatility(LV)

€ Dupire Model
The Dupire model is generally expressed in three forms, corresponding to derivatives with respect to:

“Option Price”, “Implied Volatility”, “Total variance”
@® C(K,T)
( +(r q)K +qC)
O-EV(K) T) - 2626
K2
@ aimp(Ki T)
9%imp , %im 1m S 1
oy (K,T) = ot i = Ge)Hrmatomp?)r
2 azo'imp JT 9%imp 41 / 1 9%imp Jimpﬁ
K=ok ~ T3k almp\K\/_ T
@ w(K,T) = 07,,T [QPRLib Default]
5 K [Fatue
O-EV(KI T) p— oT > ’y = ln (F_)’FT = Soe 0 IJ'( )
gw gw lo7w T



Local Volatility(LV)

€ Implied Volatility Surface Interpolation
The Dupire model requires solving first- and second-order derivatives with respect to variables. However, market-

traded points are often discrete, so the market surface must be interpolated to obtain a complete implied
volatility surface. QPRLib implements three interpolation methods for this purpose.

(1) TanhCosh: o(X;{oary, A, B,C,D}) = 047y + Atanh[B(X — 1)] + C (1 — 1

cosh[D(X—-1)]

),X=K/SO

2) SVI: w(k;{a,b,p,m,c}) =a+biplk —m)+.(k—m)2+o?{,k =In X , wAtotal variance
S

0
(3) CubicSpline: N/A

For the above implied volatility models, the Levenberg—Marquardt method is typically used to optimize the
fixed constant parameters for each term. Once the full implied volatility surface is obtained, derivatives are taken

from the complete surface to derive the corresponding local volatility.



Local Volatility(LV)

€ Based on QPRLib/Excel test data
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Stochastic volatility(SV)

@ Process
Under the Stochastic Volatility (SV) model, the volatility of the underlying asset is represented as a
stochastic process (such as a square-root process). Common SV models include:
Heston
dS/S = (r — q)dt + JydW
dy = k(0 —y)dt+ &JydW?
SABR
dF = oFFaw}
do =yodW/?

In QPRLib, the implemented model is the Heston model.
The calibration problem of the Heston model is described as follows: using the market implied
volatility surface to calibrate the constant parameters {k, 0, ¢, p, Vo }o



Stochastic volatility(SV)

@ Heston calibration
In the Heston model, there are five parameters to be determined. According to their influence on different aspects of
the volatility curve (for a given maturity Ti), they can be grouped into three categories:

level: 0,7y, -->The larger these values, the higher the overall level of volatility. They can be set as the square of
the ATM volatility.

slope: p -->-Ranging from -1 to 1, the volatility curve shifts from downward-sloping to upward-sloping.

curvature:k, ¢ -->k increases from 0, the overall curvature of the volatility curve flattens, and the level
decreases. ¢ increases from 0, the curvature of the volatility curve becomes more pronounced (the smile becomes
more evident), and the level decreases.

In QPRLib, the parameters are optimized using the Levenberg—Marquardt method. The implementation provides
two approaches:

5-parameter optimization: Optimize all five parameters {x, 68, ¢, p, yo}-

3-parameter optimization: Fix {x, y,}, and optimize {6, ¢, p}.



Stochastic volatility(SV)

€ Based on QPRLib/Excel test data
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Stochastic local volatility(SLV)

@ Process
Under the Stochastic Local Volatility (SLV) model, the volatility of the underlying asset
is expressed as the product of a local volatility function (leverage function) and a
stochastic process (such as a square-root process). In QPRLib, the SLV model is
specifically defined as follows:

dS/S = (r — q)dt + L(S, t)\/ydW}

dy = k(0 — y)dt + &/ydW}?
thlthZ — pdt

The calibration problem of the SLV model is described as follows: using the market
implied volatility surface to calibrate the constant parameters {x, 9, §, p, yo} as well
as the function L(S,t).,



Stochastic local volatility(SLV)

€ The Option price V(s,y, t) with SLV model satisfies the PDE

oV = LV,S>0,y>0,t>0
VOZ (S - K) +
B, LV = ~(SL)2ydssV + (r — q)SOsV +5E2ydy,V + (0 — )3,V + pSLEY ds, V — 1V



Stochastic local volatility(SLV)

€ The density function P(s, y, t) of (S;, y;), satisfies the Fokker-Planc function

9:P = L*P,S>0,y>0,T > 0
Po=6(So —S5)6(yo — )
* 1 1
L*P = O (E (SL)zyV) —3s((r — q)SV) + 9y, (E &'ZyV) — 0y (k(8 — Y)V) + 05, (pSLEYV) — 1V

To simplify the representation of subsequent numerical algorithms, we define the following
operator: L* 2 F, + F; + F,, where Fy, F;, F, denote the operators for the cross term, the S-
direction, and the y-direction, respectively.

Note that the term -rV is evenly distributed between F;, F,.



Stochastic local volatility(SLV)

€ L(S,t) satisfies the formula

2
O-LV(S’ t)
LZ S’t _ v 1
50 = Fhls, = 5] @
_ oG (2)

o0
Jo y-P(Sybdy
Jo P(S,y.t)dy

Here, , 0.y (S, t) denotes the local volatility.

The MC (Monte Carlo) algorithm performs model calibration by solving the expectation based on
Equation (1), While the PDE (Partial Differential Equation) algorithm performs model calibration
by solving the probability density function based on Equation (2).



Stochastic local volatility(SLV)

€ Based on QPRLib/Excel test data——volatility surface:
relative strikes = {0.7925,0.8087,0.8491,0.8895,0.93,0.9704,1.0108,1.0513,1.0917,1.1321,1.1726}
maturities ={0.0438, 0.1342, 0.274, 0.5425}
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{0.3536, 0.2635, 0.2259, 0.2128}, TiZfa &K R %
{0.2942, 0.2312, 0.2078, 0.2027}, 0.4200
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{0.1912, 0.1881, 0.1843, 0.1889}, 0.3200
{0.1606, 0.1765, 0.1766, 0.1835}, 0.2700
{0.1553, 0.1696, 0.1762, 0.1815}, 0.2200
{0.1652, 0.1733, 0.1769, 0.1827}, 0.1700
{0.1875, 0.1841, 0.1823, 0.1823}, 0.1200

0.79 0.81 0.85 0.89 0.93 0.97 1.01 1.05 1.09 1.13 1.17
{0.2283, 0.2000, 0.1880, 0.1858},

{0.2800, 0.2184, 0.1979, 0.1878}}
Heston parameters={k = 0.811,0 = 0.13,¢{ = 0.451,p = —0.282,y, = 0.025}
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Stochastic local volatility(SLV)

€ Based on QPRLib/Excel test data——grid parameters:

T 0 0.5967
K 0.4097 2.5129

Y 0 1.0516

~45
~200

~300

N/A

99.999942% Range
(+/-50)

99.999999% Range



Stochastic local volatility(SLV)

€ Based on QPRLib/Excel test data:

Index Library Method Grid T['g_i(/sz;:::es’) L1 Error L2 Error Each step
M1 PDE-Default uniform 0.30913 0.18406 0.00174 zl'?fg'lffi:
M2 PDE-MCS Non-uniform in 0.61412 0.15389 0.00149 4 Implicit +

S 3 Explicit
QPRLib
M3 PDE-Iteration el '“”S’f ormin 22.6866 0.33462 0.01154
M4 MC(2025-5-3 update) Non'uns'form n 1.1296 0.18171 0.00234 216 path
M5 PDE-MCS NR-URLEL 2.5648 0.48328 0.01043 e <
Sandt 3 Explicit
QuantLib
M6 MC NO”;“::]Z’;m n 1.5535 0.59856 0.01418 216 path
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Stochastic local volatility(SLV)

€ M1~M6 Algorithm:

PDE Method: Compute the
density function at the next time
step (denominator of Equation 2).

Time step Calculate L(S, t) MC Method: Compute the
conditional expectation at the
next time step (denominator of

Equation 1).
To =0 oy (S,0) Based on L(S, T,), Calculate
L(S,0) = —— _
/yO P(S,y,T,) or E[yT1|ST1 = S]
T, =dt Calculate L(S,Ty) Based on L(S, T;), Calculate

P(S,y,T;) or [YT2|ST2 =S|



Stochastic local volatility(SLV)

€ Numerical schemes for solving the density function PDE in M2 and M5:
Both M2 and M5 are based on the Modified Craig—Sneyd (MCS) scheme for computing two-
dimensional PDEs, implemented respectively in QPRLib and QuantLib.

( Yo = Pp_1 + At F (1, Pnoy)
Y =Yy + 04t (F(tn, Y}) — (Fj(tn-1,Pn-1)), G = 1,2)
Yo = Yo + 0At (Fo(tn, Ya) — (Fo(tn—1, Pn-1))
Po + G — O)AL (F(tn, ¥2) — (Foltn—1, Pa-1))
¥, =Yy + 0At (Fi(tn, V) — (Fj(tn—1, Pn-1)), G = 1,2)
\ B, = 172

C';’<l
|
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