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3.1 2 PSR RICKDFEBITEHIDINE

FFWOIZ, RFEHR L E 2 —FmL(e.g. Datta and Kourakos, 2015; Efstratiadis
and Koutsoyiannis, 2010; Atmadja et al.,2001) Z W\ 7= 5| FHfR L6, F¥—U— K%
i L7, #ERZX 3-1ITrT, oM LEF—U— NZESE, WK EZ1T-
oo EORER, WETBICEIT 5 SCHkIE 1980 F-LAREZ8G%4 L7=,” Source
identification” , “Pollution detection” ZEDIFIEIRIZEI T HEH/2F—T — KD A
A, JMGHIRZRE LR WK AT O &, BE~ETIELL B ST E% Y LT,
Z 2T, il A 2011 LKD) 5 ] & L, EERERMZZRREY » —F A T S
T DA FiRm LA D ORFFE - st $i] 2 1 & LT 88 D (k2 8 E L 7=, 88 fFD MR
i3, # 3-21RT & 51T, 2010 LN 85 7, THLIRRIE 53 fF L 7572,

INEE LT SCERD U A M &8 1 IZE & T,
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® 31 RRMLEL—®X-SIRARXHoHELI-F—7—F
Ne Keywords Category Ne Keywords Category No Keywords Category
A/ B|C|D A B/ C|D A B/ C|D
1 | Aquifer X 21 | hybrid X 41 | Optimization X
contamination calibration
2 | Bayesian X 22 | Identification X 42 | Parameter X
estimation estimation
3 | Bayesian X 23 | Inference X 43 | Point-like X
inference under source
constraints
4 Bayesian X 24 | Integral X 44 | Poisson X
parametric pumping test statistics
estimation
5 | Coastal X 25 | Inverse X 45 | Pollution X
aquifers problem detection
6 | Contaminant X 26 | Linked X 46 | Pollution X
source Simulation-Opti source
identification mization
7 | Contaminant X 27 | Markov Chain X 47 | Pollution X
transport Monte Carlo source
identification
8 | Contamination | X 28 | MCMC X 48 | Probability X
density
function
9 | Cramer-Raobo X 29 | Mathematical X 49 | Simulation-Opti X
und models mization
10 | Differential X 30 | Metropolis-Has X 50 | Soft data X
evolution tings
11 | Equifinality X 31 | Metropolis-Has X 51 | Source X
tings algorithm characterizatio
n
12 | FOKS X 32 | Monitoring X 52 | Source X
network identification
13 | Gamma X 33 | Monitoring X 53 | Stochastic X
radiation network design inverse
modeling
14 | Geostatistics X 34 | Monte Carlo X 54 | Sudden water X
integration pollution
15 | Gibbs sampling X 35 | Multi-objective X 55 | Uncertainty X
evolutionary
algorithms
16 | Groundwater X 36 | Multiple X 56 | Unknown X
responses pollution
source starting
time
17 | Groundwater X 37 | Multi-point X
contamination source
18 | Groundwater X 38 | Nonlinear X
management programming
19 | Groundwater X 39 | Oprimization X
pollution models
20 | Harmony X 40 | Optimisation X
search
algorithm
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321 XMLEaA—DEREAETRRA (V1 vILEa1—)

3.1 TULEE L7 SCHkic oW, OIFYIROTEE, QIEMEITFik, Q8L HR, @if
FRMNT FAE OB CINE L= SCRE 0RE L, RAEZEORAEI T, ERk L- &=
%, {18k 2 12T,

IEE L7=SCRIZ DWW, ERTEE OEHEITo TR AN 3-2 BLOX 3-3 127
o IR L7z 88 D THRD 5 B, WiEHTHFId L OFIEDFER D b 5 & D3 57
botz, Fiz, EFFTIZONTIE, 5THDOI LD B3R I 2 b—a vz,
O 4 ERHERRE AN b D ThoTz, I alb—a i, SMEENAEL
7=HDN 15 TH Y, MODFLOW <° MT3DMS % 4% & OnE U< 15 4H
STz, TR TEIE 2 REDS I b2 <, RWT 1R, 3RTDIAL 72572,

WRHT TR OV TR, IRERRITIED 34 1, MeERam) 1L 28 fREE T & 72,
REFROTIRTB AT LTY XA (GA) ZHWELORRHEL, RWOTHEXH
L5 (SA) Thote, ==2—F /%y hU—7 (ANN) zHWi=t 0 3EH -7z,
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GASEBHIT LT Y XA
SA : BEX 7R E LIk
ANN:z2=7 4y 1)
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HS:h=——F

(k2= 2749

Hs 1
Ri5 28E
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P k. EokE 1Y
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MCMC:vya7@E 5 ey Fhivnik
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322 HMMFERVERAEFOHEELRROER (T1—TLEa—)
A w7 LEa—Z TSRS L, ARG CTHEAT 2 FEORRICEBNT, ~
T FEVE O i O IRTRIEHE TE ~ O F F R R RMEICBI T oA R AR E B %
AmSC A L7z, Bl L723CRRIC DWW, I - Wit o Fik72 SI oW TR A R
AR LT, £ 3-8 ICHiRE T,
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*® 3-3 FELGUBNBEFIOMELRR (T+—TLEa—)

) NRETDR TERIR sA R AT BN FIORNTYbH
AT k% @ 9B wAR R AR O—KE SE° RS O-kz wug 0. BA,
Aral et al. (2001) 2D T N 1 RIR 4 - E PGA - v v (F) v (R1)
Ayvas (2010) 2D T N 3 RIR 6 - E HS - v v (R) vV (F)
Bagtzoglou et al. (1992) 2D T N 1-2 J=yi:} 20-60 — S MC — — v (F) —
Butera et al. (2013) 2D T N 1 RIR 2 MODFLOW,MT3D S BGA — v v (R) v (R1)
Cristo et al. (2008) NW KEE S 1 RIR 6 EPANET G DO v —
Cupola et al. (2015) 2D T E 1 RIR 2 MODFLOW,MT3DMS S BGA — v v (R) v (R1)

” 2D T E 1 RIR 2 MODFLOW,MT3DMS E ASM MATLAB v v (F) —
Datta et al. (2009, 2011) 2D T N 8 RIR 18 SUTRA G RG, SQP MINOS, NPSOL v v (R) v (F)
Gorelick et al. (1983) 2D T N 2 RIR 5 - - — - v v (R) vV (F)
Guan et al. (2006) NW o KEE S 2 RIR 13 EPANET G RG — v v (R) v (F)
Gzyl et al. (2014) 2D N S 5 HIR 20 MODFLOW,MT3D S BGA — v v (F) v (R1)
Hazart et al. (2014) 3D N N 1 iR 8 — S HGA MATLAB v v (F) v (R2)

” 3D T S 1 KRIR 1 - S HGA — v v (F) v (R2)
Jha et al. (2012, 2013) 3D T N 2 RIR 5 MODFLOW,MT3DMS E GA, ASA — v v (R) v (F)
Liu et al. (1999) 1D T S 1 RIR ¥ — G Tikhonov — v — v (R1)
Mirghani et al. (2012) 2D T N 1 R 5 PGREM E GA MATLAB v v (F) —

” 3D T N 1 RIR 18 PGREM E GA MATLAB v — —
Snodgrass et al. (1997) 1D T N 1 R 25 — S BGA — v — v (R1)
Neupauer et al. (2000) 1D T N 1 R 25 — G Tikhonov, MRE ~ CONTIN,MATLAB v — v (R1)
Prakash et al. (2014) 3D N N 3 iR 6 MODFLOW,MT3DMS E SA SIMANN v v (F)
Srivastava et al. (2015) 2D N N 1 KRIR 4 MOC E ANN MATLAB v v (R) v (R1)
Zeng et al. (2012) 2D N N 1 KRIR 9 MODFLOW,MT3DMS E SCM, DRAM — v v (F) v (R2)

” 2D T N 1 RiR 4 MODFLOW,MT3DMS E SCM, DRAM — v — v (R1)
Zhang et al . (2013) 2D R S 1 iR 1 FLUENT G Tikhonov MATLAB v — v (R1)

” 3D b N 1 RIR 1 FLUENT G Tikhonov MATLAB v — v (R1)
Zhang et al. (2015) 2D T N 1 AR 1-10 MODFLOW,MT3DMS E DRAM — v v (F) v (R2)

” 2D T N 1 AR 1-10 MODFLOW,MT3DMS E DRAM — v v (F) v (R2)

Zhao, Y. et al. (2015) 2D N N 2 AR 6 MODFLOW,MT3DMS E GA MATLAB v v (R) v (F)
Amirabdollahian et al. (2013)75 — — — — — — — — — — — — —
Lu et al (2014) — - - - — — - E,P DREAM UCODE_2014 — — —
Sadegh et al. (2014) — — — — — — — E,P DREAM MATLAB — — —
Vrugt (2016) — - - - — — - E,P DREAM MATLAB — — —
Vrugt et al. (2011) — — — — — — — E,P DREAM MATLAB — — —
Wellmann etal. (2014) = — — — — — — — S MC — — — —
M)N : BEER £ ERHER, s EHAHN M) G AEAR—RA |, B #ELRAR—R , P YTV IR—=A

) ANN: ZI1—FI)ILRY RT—2 ASA: BIOBREZEL L ,ASM : BEMEBIFUE | BGA : Bayesian geostatistical approach , DO : BB B 1t , DRAM : Delayed Rejection Adaptive Metropolis(MCMC) , DREAM : DiffeRential
Evolution Adaptive Metropolis(MCMC) , GA : BB 7 L) X La ,HGA : Hybrid Gibbs Algorithms ,HS : N—F Z—H—FF7ILJU XL ,MC: E>FTHILOE ,PGA : Progressive Genetic Algorithm , RG : Reduced-Gradient
method , SQP : Sequential Quadratic Programming , SA : #Z X FE L& , SCM : Stochastic Collocation Method(MCMC) , Tikhonov : 74 7K./ ZIEAI{t , MRE : ZRAPHEXRI > MOE—%

M) R EBOERMBASHEE  F: REE L THE M)R1: BRICKD 71y T 420 R BHHBICO T TERTHE , F: 71—

X6) EMTET) T OBREKBEICEL TOXXHE



3.3

RIERITIMEIC T S BEAEDEE
IR LT STk & ot LT RA LA FICE & D D,

BURTIE, 2IRCETADERTH D, ZIUL, WFITIZIBNT, ZEONERTZ
EMid 20BN DY, NEFEHT QBRI AR MV R v 7 LD,

B R BR LT D56, I OEGE R RIS E T 2 0ENH D, 720~ fH
WAL Z1To, WRICE->TUII B — b ETNEHET 5 2 L EOBRFI AT H &4
BRHLHLEZEABND,

WHRHT FIEITIE, TR DA STV D IREFRI) FIEDIENNT, T TIEEHRE
oEtERElb s Ebicz a7ty T AV aiE (MCMC) 7 SisiE SN D
FEH) FIEOHTE S % WA SN TE TN D,

BUNT — 2 3D 7 WEACRREN S EENTW DS, WRIED Ill-pose & 725
I ERBERMBPFELRVW I ERBEEIND, TDD, REINEBDOMERD A 215
5 ENTX AR RNTIEORENREHTCHA EEZL LN,

WA Tl HRIROIIRE DR 2L 2 T A 55T 70 & OB Tl 5 NS KB4
5 FiEN% L, LTI Z Db D 2 RD L HFIT D20, il L
WEEE, SEREERCHAS e LORBERES S ST H RN TR END, £
U, IR 2 £ 5 A PR TR BT D FIE A B LB A B L - b
T, BIFZ(ZDLDERD L FEZEE L TN IV EEZBND,
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4. BIEBATEHEICE (T HMEHTEICET S ERMRE
4.1 BEFFEORAIATIVIEETE
411 BEREFTOEREH

2 FEI L3 BT L VWi O R 2 —FRHFRA, W FHIONEZITo T2, &
NoHxb &I, £ 4-112, T - b FE, BEMRYT, SEEMOERL, ¥
FENT FIEICHHEL, ROONDEARTE A2 LT,

RENT A—5 L LTE, (@&, B L ORREE 2 S 2 e b L, RN
IRz BRI D 2 &0, B HIRMIEOE T VA TRICEBOMAE TERH
kpZEmskdoND, £, BHBEKICHOWTIE, (EEOERTHRBEENER
ET&, HUFRASOH T K ORFRIRE DR A M L 7AEE OMAE 23l ¢ &
HTENKRDOOND, Tz, HEaANE LT, WM CIXNEMNT 2 250 E T
L2 ENRDOENDTD, WISV v s — M ET AR EEZ AW TE#E, %1t
AT HOWMEDNR D 5,
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G-V

= 41 KRBT HEBMFERICKROoNLEREY
o 8| = #
1 AR RE/NSA—4 o FENRRBETIN(LE, HIRE, EE)ZERILTESL
mE{EFiE ELHREBRETILOEVOHEEEEERICERTEDIL
EEDEBDIKEBINGA—R(EKFZREY, BEELGE), HEBIT/\STA—FERI/NTA—RETEHIEN
TEHCL
LB o SRFEHMLELTHBONSIRERETILOFHZHHNRFHLLTERLIENTESIL
o BEHOHNHFRGDHESEEERTELIL
El:g]e 3k o MMTKIADEKERE, MTKUDEEZRKRL-EEDEESEZFETELL
o FENHEXDBEMENZEERILTES L
RIEEE o TIKRENEMN, R FEMMEN, MIEBITHRMOIEETI—FOBEZLELLLL, FEF+212D
TN E
o RENHBEHEDINKEICENATNGIL
® lll-pose LW REANBRTERILE
fRIE®R o MEMLIFR
2 R AR QfREE o MEMLAEHE
3 THEEMHD (EEEXME o fEXRMEZEEFMCEIMIAHEELZEETESL L
EE1t ERAXME o MEMLYLTI G
o FIEBRAOWMELE(AEREIL)
4 #*iE Hy =P o EEOMEL
o EEMOSEIL




412 HEMFEODHEE
SCERFRAE OFE RIS < &, ITFEOIRMIRRIE 28 ST 2 i@ T - (b T
HICIHEA L0 H 503, #lx1E, Chadalavada and Datta(2011 Hic kb &, UUTF

DEIIZTHEESND

I.  Classical optimisation (Gradient-based techniques)
—Least Square method
—Gauss-Newton method
—Minimum Relative Entropy method
—Regularization
*  Tikhonov Regularization
*  Singular Value Decomposition
*  Quasi-Reversibility technique
II.  Non-classical optimisation (Evolution-based techniques)
—Maximum Likelihood Estimation
—Genetic Algorithm
—Random Particle method
—Simulated Annealing method
—Markov Chain Monte Carlo sampling algorithm
III.  Hybrid optimisation

TITIE, WE LRI X, X 41 O X DI LTn, WIRIT A A R E TR
FUE L HERROTFIEL LTHE LSS, IERPORMEbILTWAT TV RA=a—
BIIREENDLARAN—ADOFIET, WREROTFEIEEND, —FT, &FE, av
B o — & OFFEHE O EICHEOREFINE 2 TWD ) 7Y v I kD TR RER
S TFIEICOHEEIND, —FHT, BEMT LY XLA0EEXSLER Y, iz —
R & LT FIEE, RERNFIECHEEROFEOEL LI bR LIz b E SIS,
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LlEEN—A ELFRN—A

/\[e.g,, GA, SA, ED etc.)
\\

fe.g., LS, Modified-GN, \,'
Maraart, etc.)

RERNFA

]
1
1

-

fe.g., MC, LHS, MCMC,
DRAM, DREAM, etc.)

4-1 EEHT - REEFEDNE

PGA: Progressive Genetic Algorithm

ASA: Adaptive Simulated Annealing

ANN: Artificial Neural Network

MC: Monte Carlo sampling

LHS: Latin-Hypercube Sampling

MCMC: Markov Chain Monte Carlo sampling
DREAM: DiffeRential Evolution Adaptive Metropolis



LT, REMLRTEDOESZRT,

(1)  PGA: Progressive Genetic Algorithm
Zheng and Wang (2003) CERMA L= FIETH Y, BT LI X LER—R L
LIeFETH D, HfTO 7 n—F v — &K 4-2 17, B & 72 D159 O%E
B ThH LML L TBIR, &Y, ERERR L OBIRIEIE A MR &
LAT) 2L ko TIARFET 2 HIMGAZN—A L LI b DTH D,
SFREEIR A Y 7RSI AEIL, ZNEIUC 1 SOIG R BLE T 2, IRE,
friE (X, YEAE) CRGEREOBIEMELZIGE L, HTKIEE) - WEBATHRITTT
NaERWTIRAAE RS 2 & T, FEfxE5,

AAC, + AAX + AAY +e=bh
AC = AC, = AC, ..

LT

AX . = AX = AX...

AV e = AY =AY
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[Smn]
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Parameter Encoding

!

Gienerate Initial Population

7

Evaluation of objective function

l

Selection

l

Cross Owver

|

Mutation

Yes

Another

Gieneration”!

No

==

4-2 Progressive Genetic Algorithm [C &K AHETOI7O—F v — k
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(2)  ASA: Adaptive Simulated Annealing
Jha, M., & Datta, B. (2013). 3% L= FETH D, AR BE X8 LIE(SA) 2~
— AL LTS, W 43 27n—Fv— R d, L, 7=—V 7, 77—
YT, ETHIE E W o ToFIR CTleifif 2 R 723, ASAILSAITK L T/RT A—X
BRI 2EBIRIED AR, IR, 77—V 7HIZEAT 537 A —% O H B
TNhAY XALNEHRBANTETFIETHY, ASAILSAICKILTARTI A =X %2FT 5
AATHERR Z LB L LW e O mnRIZINR T 5 ARE CTH 2,
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(e )
]

[ Estimate [nitial
temperature

N

j

Run transport
Generate new maodel with generated

solUtizns 5 —
e ey e ) AEBATRRAN

4

[ Calculate objective

| function value HrIRS ;&@E{»’“ﬁ

RIZHEFE I REIREE
TR A AR

Accept new No

solutions?

[ Uﬂﬂi&;:‘ljgut-un ‘4._[ Adjust 19::-.peml:...|re] ?ﬁ?ﬁiﬁfﬁiﬁ

Are rermination
critEria mekl

D=V THIE

Optimal
idantification

A%l Lk

Fig. 1. Schemutic representution of linked simulation-optimization

4-3  Adaptive Simulated Annealing [C&k AEfBITO7O—F ¥ — b+
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(3) ANN: Artificial Neural Network

Mirghani, B. Y.,et al. (2012){Z A T.==2—F /L% v U —7 (ANN) & F\ 7= i fig bt
FIEEZRM Uic, WNKRENENT - BREBATIT O N7 — 2 L7 — 2 Ok %
Z ANN [C5E S, HYR, KB WEBAT T A —Z DREEIT > 1o, 15505
ML R DALEICK T DIWIRT 7 v 7 A, WIRNC LVl U7e, Mashiid, #REOK
i, FRIE, EERLE, BEICLVANTAZT A X LIGEEE LT, ANN~E X7,

K| g |
" s ! .
T i § "
" -~
::'1 -
Ssqy i i I ransdii
- -
. L.
= - - | l 2l R
@ &

Il.:'ll ” e L ik

frtfid Hidilen LB TER W]

K 4-4 Ny 7angy—oa B-a—F)Lry KJ—4
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A;:ciﬁcntiun of hydmgeologic
paramcter, boundary conditions
ete. for the aquifer'study area

Gieneration of paterns of specified
injection/extraction rates and aquifer parmmeter values
L%
v

Simulation of spatial and temporal esponses n terms of
observed concentrations/hydraulic head in the aguifer for
specified mjection/extraction rates and aguifer parameter
vilues ﬂﬂ?7k5ﬁ@];*§%§%?‘_rﬁ§:$ﬁ

Choracterization of breakthrough curve obtamed from
simulated sots of aguifer responses
.

Development of ANN with assumed configuranon with the simulsed
sets of aguifer responses as inputs and corresponding sets of specified
mjection/extraction rates ond aquifer parameter values as output of a

puttern
— ANNETNOFEREEE

[ Truining the ANN for the unknown pollution source

whentification  and  simultaneous  parameter

Testing of the developed ANN wsing
data not used for the training

b 1]

Satsfactory

Yes

[ ANN design complete |

[Us: of developed model for wnknown source

dentification and simultaneous pammeter estimation

4-5 Artificial Neural Network IZ kBTN T7O0—F v— k
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(4)  MCMC: Markov Chain Monte Carlo sampling
MCMC 1%, v/ 2 7 HEEHORBER ZHE L T, A AARUITHEDS < FHEfER
(e FERE) 2 HEETFIEDORIERTH S, MCMC EDOHIHITIX, Metropolis # >
TI=RANLNTND, ZiUE, 7V T T D ORREE SR D R
EAROESZERKT H2DOIZHWLNL FIETHY, LFOFIRTY 7Y 745,

(DFEARGE IR (CFRIESR) o7V s
(2)Metropolis kb o 2 FAV TEARDEAR « FEHOH|E

>1,xt =x*

TG < 1

b+l — yt

_p(x"|Y) a>r~U(0,1),xt*! = x*
otherwise, x

4-11



(5) DREAM: DiffeRential Evolution Adaptive Metropolis
MCMC T & L TH 2 282271 (proposal distribution) D4R IZ K - T
RSB FIRDEN TR L5603 H 5, ZUixt LT, DREAM TiZ# 7Y
V7% LIRS BARGE AN O BB - BOFTHRRE AT O 2 & T, LM, &ikocoB
MEZR AR D HERIRE (MORME) 2 RIBICEES b0 TH Y, BLTFORR
K TH 5,
- EAREMOARIZ LT, BE SN RTE BT
- #=5itE{t(Differential Evolution)(Z K DAEAGERG DO 7V 7
- RE v UTAEFEMRO IR EEZ T BR <
4-6 1%, RFEWN2 MCMCEER KR LTS D TH D, FE BXE GUT) BliEE
ARLTHEY, DREAM Z W56, Mo TR TORnEETK T LTS
ZEPHEINTND,
F£72, MCMC IETIE, RBESMPTFERBIZE > TWL0HET D2MERH D,
Cowles 5(1996)1%, N F TREIN TV D HIEFEIEZ Y #H T\ 5, Gelman
& Rubin HIZ XV IESNHRET, BUELZEHIN TV D,

Table 3 Companson of DREAM (ngz = 3. &= [1,2.3)) agonst the Random Walk
Metropolis (RWM), Delaved Rejection Adaptive Metropohs (DEAM) and
ffeRenbal Evoluton-Markoy Choin (TDVE-MC ] MCMC schemes for the 10-
dimensionsl twisted Gaussian distribanion with & = 00 N denotes the number
of parallel chains: FE = N (number of generations) = number of function
eviluations in an N chmn sampler needed 1o rench convergence and AR the
poceplonce rote (%), The reported values represent overages over 100
mndependent trnials.

N I3 FE (-10% AR (%)
RWM i (.12 6.71 24.3
DRAM I (1,08 482 51.6
PiE-MAL 2] {1 )Lk g 45 33
A T, 1] BIRTI]
DREAM 10 0.08 31.34 103, 1

They = 3 without adaptation, gy = p; = m = 173
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SCRRFRAARS RACHE S &, AT CEAT UM FIEORELIT o7z, 2 BT HIRA
7o, WIETRAIFIETIEREY) (ll-posed) Z2FEICHEH CE RN ERH DD, =
TUE, MR TFIEICIRE L, RERFIEIC OV THA 2R i 217> 72, Ill-pose
RE~OWEAYE, RIS - 7V 7, AEEOER, KEEwEL,
BazMEAL, L) bENATHDLEEIN, 5o TG EHERE LTA
ay Vo T ETolc, AaT )y IRERER 421077, 22T, MCMC i£ED—>
T 5 DREAM NS THh5 5 Lirol-i=%, ABEFTTIE, W FiEL LT
DREAM #HH+ 252 L & LT,

7B, BAINTWZRNWFIEIZON TS, RIEMRMNTEICK L THEMLTHY,
FIEOHIEIZ LY, ill-posed 7eBEA~OWMAMENR R/ D Z LN TRIND, AMFT
LEa— LTl R—MEICL 2R TF~—7 LIEERRMTEA LW Z0,
BHEZR I L7256 O FIER OMECEM IR T 25 WA 1525 2 & B3 k72
Motz ABEITIE DREAM 281 L22s, REFEHARFIECOWTIE, 4%, ik -
FRAEZATS T2 N REWEBZ 2 b5,

-
—

® 42 FERAFEDRITYVITHER

PGA ASA ANN MC LHS  MCMC DREAM
Il-pose fEIRE~ D& A 1 1 1 1 1 1 1
MEBEMGRER-HTIYT 1 -1 1
THEEHOE=ZL 1 -1 -1 1 1 1 1
[Lig&EE 1 1 1 1 1 1 1
&Rk 1 -1 1
A7 &% 0 2 1 1 3 3 5

PGA: Progressive Genetic Algorithm
ASA: Adaptive Simulated Annealing,
ANN: Artificial Neural Network
MC: Monte Carlo sampling

LHS: Latin-Hypercube Sampling
MCMC: Markov Chain Monte Carlo sampling
DREAM: DiffeRential Evolution Adaptive Metropolis
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IR, =W =M LT D BEAFDNEMRIT L AT, WA A S ICFETE
57— T =7 PN ONAIN TN D, K 4-918, WffrnEESnTWD A
— =2y = OREFIE T, BlxiE, DAKOTA(Design Analysis Kit for
Optimization and Terascale Applications)|Z K[E = %L X —EFNEHET LT 4T
ENZAFZEAT L W ABR S CRY, = v=7 Y 7T 2 RMA R < 72D DR b
Y — Nt ToH 5, UCODE | KEHEFART (USGS) THEINTZHDTHY, 1<
DD RHT FIECRLE AT, NHEFEMEMT 2 EDY — RS h g, £z,
WHOZ v 7 Z I 7S5 TH5 Python (12, PYMC 74 77 U e Ed it s v cn
Lo =W, TR0V —VEFERTLZEICED, HROES IR 28 AT
TLHREEICH D,

/ !-': e Y (7 e A -
& BHEE coue

UCODE /jupiter 4p1 2015

DAKOTA 2015 loint Universal Parameter lgenTification and PSUADE 2014
Design Analysis Kit for Optimization and Evaluation of Refiavility Problem Soiving environment for Uncertainty
http://igwmc.mines.edu/freeware/ucode/ Analysis and Design Exploration

Terascale Applications
http://computation. linl.gov/casc/uncertainty

http://dakota.sandia.gov/software.ntml

=

quantification/

PETSc z01e
PEST 201% Portable, Extensible Toolkit for Scientific STEPS 2012
t
Model-Independent Parameter Estimation Computation Stochastic Engine for Pathway Simulation
an ce v Analysis http://www S v/petsc/ -
and Uncertainty Analysis http://www.mes.anl gov/petsc/ http://steps.sourceforge net/STEPS/default.php

htto.//www.pesthomepage.org/Home.php

QUESO, 2014 Ostrich, 2008
Quantification of Uncertainty for Estimation, Simulation Optimization Seftware Toclkit
and Optimization hitpy//www.eng.buffalo.edu/~Ismatott/Cstrich/Ostrich
https.//red.ices.utexas.edu/projects/software/wiki/QUESC Main.htm
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UCODE (Z1%, W FiEORE THEMICEA - 72 DREAM 23S TkY, &
F¥TlE, UCODE Al L Cifigtr 2 584&4 2 Z & & L7z, 22T, UCODE i3 2005
I AR ESNEBY, 2014 FICHMENN—Ta L LTRIEZ BN L7 b ONAR S
nTns, LITIC, MEEZEED S,

UCODE_2005 (Poeter, et al., 2005)

UCODE_2005 & €7 VI, M « FERIEME, RHEFEMEFED 6 DDA A
vty Y=oy, BFEOMEEDOTrERAETLEY 7 IHT,
Xy T L—ay, NEFEMEMRITEZDRIATI 2N TELY—
Uo7 SHEHZENTEXBHFEO T mERAETF LT ASCIL 7 F 2 MER
D HDIZIRE

EEDORIMAT A =5, filF5t, BRBEEEZHEET L2 ENTED

B DT at 2T L~ ILE§E

UCODE_2014 (Poeter, et al., 2014)

UCODE_2005 D5/ N— g >

FAAF T BERE O BT

BT — 2 QBT %R 2 E TR COV % H 2 BEO B REILIR
W B3 i 2 F O T AT R B

TR L FRAT R RE D HIL IR

RT A—ZHEE, TIORHEFNED E B vRE O IR
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UCODE_2014, with New Capabilities to

. Define Parameters Unigue to Predictions,

i Calculate Weights using Simulated Values,
i Ezfimate Parameters with SVD,

| Evaluate Uncertainty with MCMC,

and More
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5L BEZ TG AOEARK A 4-11 1R, 2L, 3 kot BRI BT
(GWS)DfERA T, R BEMENT (PTS) 12X 2 MBI TR O 21T\,
TR AR DOZFEBATHNT (RTS) ZE1TL, BUIHSOBMRE Z Gt —% & LT
ANWLZ L2 BELEZLOTHD, GWS, PTS, RTS iE, a2/ 3—Z |2k vEiiEs
¥5, £72, UCODE_2014 &%, RTS DANT —Z DIERDI=dD 3 R— 4,
AT —2 OFRAERDOT= DD L N—F R 5, VI alb—X A7 7
ANDOERIZ LY, UCODE_2014 N EHHAZEE HOR DK LA, a3 —2—
IIRE L2 D,

Z OEEAMERE, 3 WItOH TFAKIRENG ) DR TR A L, 1 %o
RO 2RTEOFEBA TN 2 EiT 2 b D EME LD TH D, iUk, Wifg
WrClE, Z2HOBREBATHNTZEITT 20BN H 5720, —E1%S72 0 OFEERRH %
2B R ML THRICEB LI2bDOTH 5, 3 IRTTOREFEA TRENT O 18 R R A3
W e, R IBBMRNT 2 Eh 91, B 3 ot FKIRENS & Tl iRt 247
YT EHLARETH D,

WIRNTED AR CHERT 2 a =270 7T Aol ek 4-3 18T, AR
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= information,
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uae .'-" i A constraints, etc
R

site, (P settings,
observations, prior
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source identification,
confidence interval,
orobability map, etc

data pre-
processing,
pathway
selection, etc

parameter
assignment,
data
conversion,

interpelation,

radionuclide
transport etc

UCODE_2014
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Examples
source type, error &
uncertainty tevel,
sensitivity ete

Morquardt, Gauss,
simulated anneaiing,
hyper-parameters etc.

scaling, transform,
offsetting, etc.

weighting, smoothing,
grouping, scaling, test
data etc.

parameter statistics,
weighted, linear
combinaticns, etc

SVD, Least Square [L5),
weighted LS, Ttkhonev,
Bayesian, etc

RTScalls
hyper-parameters,
estimation, etc

multi-pornts finite
difference derivatives,
etc.

random parameter
generation, MCMC,
MH, ete.
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1 Poeter, E. P, Hill, M. C., Lu, D., Tiedeman, C. R., & Mehl, S. (2014). UCODE_2014, with new capabilities to define
parameters unique to predictions, calculate weights using simulated values, estimate parameters with SVD,
evaluate uncertainty with MCMC, and more. Integrated Groundwater Modeling Center Report GWMI, 2.
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