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AObjective: Component driven free
evolvable optimization model

AView of some of the components

Alnterface, envelope, results viewer, model
code etc.

ABasic equations
ASimpIe application
AConcIusions




Selected objectives

ASimpIe Open Flexible Transparent

MESSAGE (like MARKAL, TIMES, EFOM etc) IS part of the
Hefele-Manne family of models (limited but powerful)

AReduce the barriers for uptake and basic capacity in the
use of optimization models

For application (limited set of national medium term modeling)
For development (very easy access to all equations)

AFree and unrestricted distribution (all components)

AShouId Increase the need and use of more powerful
Aapproaches

Improve the power of simple but popular approaches
AAS development is open, evolution can be sustainable
A(Target IS a limited set of medium term applications)
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What | am going to show you..




omponents that do nc

A | aspects are noper
providers / programmers / enthusiasts

A\Components are (as) independent (as
possible)

an be changed, improved, replaced
omponents so fare.




Results

File (Equations)
Scrubber
Results Clean
In GNU Results

(Variables)

* Interface is ONLY for testing. It is also independent i could use LEAP i
could use more symbolic interface i RES type interface.




theoretically use the same model with a different interface: LEAP / ANSWER / VEDA etc)
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Envelope Program 9

(Written in Java this picks up the Model file and Data file and then submits the run. The data is
then cleaned for viewing / analysis )

e Shortcut to run_glpk_mod

Generating EQ_Consl...
Generating EQ_Cons2...

B Envelope

nt ...

Maodel File: MODEL _File_IEW_2003.txt Data File: DATA_File_IEW_2003.txt rstment ...

Maodel select Data select SOLVE SORT

enerating EQ_DiscUperatinglosts. ..
Generating EQ_TotalCost...
Generating EQ_TotalAnnMaxCapacity...
Generating EQ_TotalAnnMinCapacituy...
Generating FM_Techlncluded...
Generating RM_Fuellncluded. ..
Generating RM_Constraint...
Generating EmissionProductioni...
Generating EmissionProductionZ...
Generating EmissionProductiond...
Generating EmissionszsPenaltuyl. ..
Generating EmissionsPenaltyl2. ..
Model has been succeszsfully generated
lpx_write_probh: writing problem data to "Mtex.txt’ ...
lpx_simplex: original LP has 29681 rows,. 184438 columns. 271899 non—=ero
lpx_simplex: presolved LP has 43548 rows, 58456 column=s,. 137386 non—zero
lpx_adv_hazis: zize of triangular part = 42778
20@: ohjuval 8_2195541 71 e +B06 infeas ?_207843072e—-001
406 - ohjuval 8 _448518760e +BA6 infeas 7_207838404e—-0A1
686 - obhjval 8 ._448518768e +B06 infeas ?.207838404e—-B01
8@@: ohjuval 8 _448518760e +B06 infeas ?_207838404e—-001
188A: ohjval 8 .448518768e +BA6 infeas ?.207838404e—-BA1




Results viewer

(Written in Java. Excel breaks down when results sets are large. Again, this utility is completely
independent of the interface, model file, data file etc.)

Display result data file

Click on the Data File butkon to choose the data to be shown on the table,
Click on the table headers to activate sorting
D IVaribIe. o Year D2 ID3 D4 Sk Activity |Lowe...| Marginal eps
|TatCapar PP_HCO_Ext|
19209 TobtCap,.. My2005  |none FPP_HCO_Ext |[none =} 35218 [a} nfa nia -~
19229 TotCap,.. My200& |none FPP_HCO_Ext |[none =} 35218 [a} nfa nia il
19249 TotCap,.. My2007 |none FPP_HCO_Ext |[none =} 35218 [a} nfa nia
19269 TobtCap,.. My2008 |none FPP_HCO_Ext |[none =} 35218 [a} nfa nia
19289 TotCap... My2009 |none FPP_HCO_Ext |[none B 35218 Lu} nfa nia
19309 TotCap... My2010 |none FPP_HCO_Ext |[none B 35218 Lu} nfa nia
19329 TotCap... My2011 |none PP_HCO_Ext |[none B 35218 0 nfa nia
19349 TotCap... My2012 |none PP_HCO_Ext |[none B 35218 0 nfa nia
19359 TaotZap... |[My2013  |[none PP_HCZO_Ext |[none B 35218 4] nfa nia =
19389 TotZap... |[My2014 |[none PP_HCZO_Ext |[none B 35218 4] nfa nia
19409 TotZap... |[My2015  [none PP_HCZO_Ext |[none B 35218 4] nfa nia
19429 TotCap... My20la |[none PP_HCO_Ext |[none B 34543 Q nfa nfa
19449 TatCap... My2017 |none PP_HCO_Ext |[none B 34543 a nja nfa
19469 TatCap... My2018 |(none PP_HCO_Ext |[none B 34543 a nja nfa
19489 TatCap... My2019  |none PP_HCO_Ext |[none B 34543 a nja nfa
19509 TatCap... My2020 |none PP_HCO_Ext |[none B 34543 a nja nfa L |
19529 TatCap... My2021 |none PP_HCO_Ext |[none B 31868 a nja nfa
19549 TatCap... My2022 |none PP_HCO_Ext |[none B 29768 a nja nfa
19569 TatCap... My2023  |none PP_HCO_Ext |[none B 29768 a nja nfa
19589 TatCap... My2024  |none PP_HCO_Ext |[none B 29768 a nja nfa
19609 TatCap... My2025 |none PP_HCO_Ext |[none B 29768 a nja nfa
19629 TotCap,.. My202&6 |none PP_HCO_Ext |[none =} 29768 a nfa nfa P




(5l PK Proarsa

(A freeware subset of the AMPL mathematical programming language. Pictured is a
development kit (IDE Solve by Henri Gourvest), part of the manual and the Glpk Setup)

LPSolve IDE - 5.5.0.5

File  Edit

Search  Acton  View

Options ~ Help

Source | M atriv || £| Dptions || #) Hesult|
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#

set Emission;

#

FEERRFREEAEEAAEEEEEE
$ Parameters #

TR T TR TATRRARARAAT

4
*

rrRTErTETRTATATAS Global Parameif

4
4

param Demand{y in Year,l in LoadRegion, f in |

#

param YearSplit{y in Year,l in LoadRegion}; I

#

param DiscountFactorSoY{y in Year, t in Techmt

#

param DiscountFactorMoY{y in Year, t in Techmt

-

|

Wizard

caontinuing.

Tha GLPK package is part of the GNU Project relossed under the negis of GNU.

Laog Meszages

Coperight (2) 2000, 3001, 2003, 3003, 1004, 5005, 2008 Andrew Makhorin, Department for
Applied [nformatics, Moseow Avintion Institute, Moscow, Fussia. All fghts resarved.

<

1 |

Freo Software Foundstion, Ine., 51 Franklin St, Fifth Floor, Boston, MA 0211001301, USA.
Parmission is gramted to make and distritarte verbstim copdes of this manual provided the
copyright notics snd this permission notics are preserved on all copie.
Parmission is gramted to copy and distribute modifled versicos of this menual uoder the
ecnditions for verbatim copying, provided slse that the entire resulting derived work is
distributed undor the terms of & pormission notise ideotionl to this ono.

Parmission is granted to copy snd distribote tremslations of this menual into apother
lamguage, nndar the sbove conditions for modifled versions.

Welcome to the Glpk Setup

This will install Glpk-4.9 {GMU Linear Programming Kit; Complete
package, except sources) on your computer.

It is recommended that you close all other applications before

Click Mest to continue, or Cancel to exit Setup.

| Nedt> || cancel |
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e Yoar;
set Vintaga;

so LondRagion;

Glohal Paramssars

pera= Depeamd {7 in Yaor] in LeadRsegion, £i= Foal};
param YearSplitly iz Yearl iz I.m.:l.ﬂ.ng:rm}

pereza DisocuntFactecdoY {yin Vs, tin Tackeclegy):
parez DisocuntFactodhdo™ {y in Year, 1 in Tecknology}:
paraz DA {y in Vaar, v in Vinkzga)h:

LIS SO SO S SR | B S| B VR TSI T | B S B

pazez DoaddzmTual {f in Fuel};

#pazamn Onabla=ixTechnology{tin Tackmolegyl:

pemezn OnaddamxScandryinctances {b in BoezdryInste=cas};
ﬁpu'un COrnahlz=mStocage {5 = Stomama)

mmm Tecknology Paramssars e
&
=

pezezn CapacityFacher {v in Vi, t in Tackeelegy):
pumkadahhhfa:lﬂ{ym'lmlm 7}
pazesn Vintagadatrin{y i= YVear, vin Virtage, ¢ iz Techoodogr]:
peme=n SaleegaFactor{y in Yaar, tin Techmologyh:
E=tpp st Rt
peze=n OtptieeetyRatin? {v = Yaar, t in Techzology, iz Ful);
peze=n fopeAchetyBasiol {yin Yees, tin Tecknclogy, fin Fual};
pemezn fnpeAchetyBadiol {yin Yaes, tin Tecknelegy, fin Fual};
e

S
£

. R :
i A M A
pazemn VerizblsCostd [ in Year, ¢ in Technalogyt;
paze=n FinedCiost {7 20 Vear. tin Tecknology):

&

=

Zpasem Storepelonstraint{y in Year. 1 = LoadRagion, b iz Boundryinstancas);

#peme=n Sartlavel {5 in Sooraga: )

e RvarCutio = R i Vo, | i Londiagt:

#pamem E.l.'LwTu&tﬂ'ng{r in Rivar, i in Storaga}:

#pezezn FlowlChomp{r in River, 5 in Storaga);
ﬁmeﬁ;h:J:ng&ﬂlp]ftmTichnhy i in Stomaga};

#'

) " - Con s aaaey
£

perezn TetzlAnnbdaxCamacity {vin Yaer, tin T
peme=a TetzlAmnbdinCapacity {7 in Vaar, fme:hth.-
e

=

z

pememn EMTagTech{y = Yeart = Techmology};
pazeza BMTagFoal{y in Year fin Fusl}:
Eplm]l{{riu.?urﬂ;

=
e
pemezn EmisstonAcortyBatio{y &= Year, iz Techoology, @ iz Emission);




pare=n EmissicnsPamalty {ym Yaar, ¢ in Ermission};
-

g
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2 Nlpdal Varshles z

d3Rauu s sapu

=

= Coapeacity Variablas B
g

var KauCap{y i= Vaar, ¢ Tockmelogy] ==1;

var KawCap\Dlins{v in Vinmgs, tin Tacheelogy}:

var NawCapStructurs iy in Year, v iz Winzge, ¢ I Tecknology} == 0
var TotCapA==iy in Vaar, ¢ in Tackoology} ==10;

=

= Acivizy Vesizblas —=

=

var Activity] {y = Year. | iz LoadRagon, ¢ in Techmology} ==
var Activity2 {y = Yeer, | iz LoadRagion t in Teckmology} ==
var Total Activisy{yin Yaar, | in LoadRagion, tin Tecknology}:
var Production] {vin Yaer, | in LeadBegon, £im Foal};

var Production? {y in Yaer, 1in LeadRegon, £in Foal};

var TetalProductiony o Year, 1 in LoadRogion, £in Fuel};

var Conmeopsioz] v in Year, 1in LeadRagion, £ iz Fusl);

var Conepsioz v in Year, 1in LeadRagion, £ iz Fusl);

';'I.I: Tetal Cenmnption |y i= Yaar, | i= LoadRamen, £ Fuall;

== Coatizg Varizhle: ===
8

var Capralimuasimest {7 in Yaer, tin Tecknelogy}:

var Dt Capatalimas e {v in Yiaz, tin Tachkzology}:

var Sehvage el {v in Yees, t in Techeology);

var L"pm‘a'hun\.-:nrl{_\ = Yaar, t im Techmelogy}:

var Dt Cperating Cost v in Year. ¢ m Techmology};
var A=V, uC'pEut-{anu :tin Techoology}:

var VarOpCost{y in Year. | &= Loadfepion. t = Technology}:

var TotalDiscCiost {¥ in Yaar, tin Tackoology}:

-

g

== Saocaps Variahles =
-

& hie

Zvar KatStorageliarge{s iz Sorags, yim Year, | in Loadfegion};

Zuar Sinragalenal {5 m Storags, bin B Ao |

gvar SorapsChamge {5 in Siocaga, vin Year, | iz LoadRogon};

#rar StoragsDisciarge s i Storags, v = Yeer, | i= LoadRagion);

guar SimragaChrarfliow|s m Storags, yin Year, | m LeadRagion: ==
gvar BivarFlewAddedTHr in Riveeyy in Vaar] in LoadBagicn);

gvar BiverFlewAdded0{r in Riwee,y in Vaerl in LoadRagien);

gvar RivarF lewAddedT {1 = Brver, v in Year L in LoadRemea};

Zvar BivarFlew{r in Rives, vin YWear, | in LeadRagion}

: e
-
sm==——== Rasara Margin E
=

var TotCapinBM {y m Year},

var DMDinBb {y i Year] in LoadRagion};

¥

g

Ee=== Emissions B
&

var Az=ualTochEnriszion{y i= Year, ¢ = Technology, © = Emismion];
var DiscArzTochEmPen {yim Year, ¢ in Technology, @ in Ertesea};
vax Az=uad TorhEmPo=BrEre frin Yoar. ¢ in Tecknalogy, o in Exfmsion};
var Azeual TachEmPan i in Vaar, 1 Lu.T-:c_u.nIJw:.r

var AzzuplFemssioms v in Yaer, @ iz Emissicn};

ves EmissionsProd] {y in Year, ¢ in Tecknology, ¢ in Exgsioe);

var EmissionsProd2 {y in Year, ¢ m'.['nch.u:-h_z_'. o i Expssion});

g

Sippussnsaun s

#Chbjectve Function. ™ #

fi!!!”! Pel———

miniznze cost: sy in Yees, tin Teckeelogyh TomlDuec Costya]
g

e e

# Censtraints 2

=z

g
& whbd L LRLL L]

¥

Zt B RrrTlowAddedDir m Rrver, viz Year, | = LoadRemea}: sum{s in Storags} FlowDunp [o.5] *

Ssoregeltschergals vl] = RovarFlowAddedD [ry.l];

#.t B RoverfloweAddedDir in Fivar, v iz Year, | iz LozdRagion}: sum{s n Storage} FlewDunp [r,5] *

Ssormpe Crmrdond s, v.]] = BivarFloweAdded)D o,y 1)

&t B RrwrTloweAddadT {rin River, v i Year, | = LoadRogion} : RrarFlowAddedDry ] +

BrvarflowAddedD [ryl] = RovarFlow: AdedT | AR

#.t. B Rivwrflow|r iz Riwar. v in Yier, anLden@m:} Birnrbflower,y]]| - BiwueCrofliowr, 1] =

RiverFlowAdedT ey = BaarFlowiy];

Z5.0 ED) Ssormgelherga{s in Stomgs, vin Yazr, 1in LoadRagion’: somir in River} RivarFlowryl] *

RivarToSoorageir.s] ='E1»[:u'agathu_gn{:.1r_['. : ] ]

Zt Ef) MatbrorapeCherga{s in Sterags, vin Yaer, Lin LeadRaguon): Kattrongelarm[a ] =

SsormpeCherpalay]] - StoragaCharlow(s vl] - Storameltecharga(sy ]

#.t. B 521 b in Boumdryl=stancws = i Stomage}: sum{] in LoadRagion, v i= Year}

Mattsorapal hargals v]] *Scorpe Comemaint[v, L] = - Startlerel[5] *CuedatrixBomdryinstemeesh] +
)

#.t B 52k in Bound—yl=stancos, 5 iz Stomapa): Steragelenl[zh) :r:‘llll.

#t Ef) 53k in Boundrylzstances., 5 = Storapa): Storagelenwl[zh] =

ZLE -:\:h.uﬂ[:mSHmm vin Year, 1 in LoadRagion}: rn:u-{n_'l

'L:h."l.". n-dmo]-n-g;__r'.l'n!m:mnl.ﬁ i] * Vaartplisw, ] = Storegelischerga[s.n :

,’.:
¥
g

 win . whhn

¥

g

ZEQ Rrvwrflow{ym Year. | in LoadRagion, r i River}: Ieflow]w,L1] - Cutdow]y.Lr] + Doy L]
#E{ Doy in Yaar, 1in LeadRagicn, 1 iz Bivar}

g

g
g
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=== Capecity sofSciant for Activity ===
8

8

st EQ MewlapDimChezge{vin Vintage, ¢ iz Techmology): mm{y = Year}

TawCap[y.t] *IEBamxy. v ]=NearCap v D f];

st EQ Sourtemn (Of Mew Inveetmant{y in Year, v iz Vinfage, t in Tecknolopy}: Mawlepi D t]*
Vintagel iy t] = RameCapStractura]y v f];

stE Tml:ap.q.nn{r in Yz, tin Teckmalegy}: semivin Vimtags} MawlapSouctare[yrs] =
TotCapAamy,1] - E:m&mll:a]um vl

s.t. Constraint Copacioyfr in Veer, | in LeadRagicn, ¢ in Tecknology - TetCapAnalys] +
CapacnyFactor{y]* CoaMamixLR]l] == Activity] [v.L1] + Ay vl t];

8

EE Acziaty includss "planned metenancs” ===
8

8

5.t Tot_Activity{y iz Yaar, ¢ iz Technology, | in LoadRegion}: Acirmgl[y1{] = Actvity2[vLf) =
TatelActay{wLt);

5.t Plannedh zintemance {v iz Yaar, ¢ in Techmology): sum{l = LoedRegion}

Total Acting v Lt]* VearSplit] v.1] = TonCapdam{y 1] * CapacityFactor]v.f]* AvedabilinFecory.
8

SEERNRS AL Produrtios-=Dapa=d=Comzemption EERapeaan
8

g

st El?:nd.]{_\ in Yaaz, lin LeadBegron, £ Fual}: sumf{t in Technology}
Ach.nn_i_n CpticteyrFatiol frtf] * Coalmxl R = Prodnc h.enlb L

sLEQ P u_'-.f_\ iz Yaes, Tin Loa £ = Fral}: sum{2 in Twcknology

Activiny [yl OtptactrtyRasio [rt,f] * CeabiamxL Rl = Productiond[y, I_"

5t B ToiProd{v in Vaar, lin LeadRagion, iz Faal}: Prodoction] [y, L]+ Preducsond[v.14 =
TotelProductie=]v.1.1];

st Elﬂmﬁl{} 1= Yaar, iz LoadRagion, fin Fusl}: sum{t in Tacknology}

Activityl [y 1] IoptAchtyBacal [y f] * Cosdnrx]l B[]] = Conrmmpson][v.1£];

sk ES Cons2 -.'_1. 1= Yiaar, [ iz LoedRegion, fin Fual}: sum{t in Tecknology}

Activity2[v.1 5] IoptAcntyBete[yaf] * Coelatnxl R[]] = Consmmpson[y. 1]

sLE mEnu.:-.’_1. in Yiar, lin LoadRegon, £in Foal}: Connmmption][y,L{] + Cozsunption?[v.Lf] =
TotelCozsunptica[v, L),

5.1. EnBelamce{y in Year]in LoadRagien, £iz Foal}: TotalProducteny Lf] == Dlememdly 1.£] +

.mdﬂmum;:h.mﬁ. Lf}

-

8

T Captial Tovas oot _=

ﬂ

:LE Copatallmvastmant {y = Yaar, ¢ 1= Techeology}: CapralCost]y.4] * WawCap[y.a] =
st v

:LEl:thhwﬂmwmm[_\ = Year, iz Toc i
Capatalimastmenty t] *DuconztFacorse T v, = DiscCapiaresmmant]v.1]:
8

8
= Salrzge Coms ==
8

#

st EQ BahvageWekoa {v m Year, ¢ i Technology}: CapitalConfvd] * Mawlap{v.d] * SabeagaFactory.f] =
SahrageWakoa[rt];

#

8
T Crparaiizg Costs =

&

&

st B OpareizgCostsWar{y i Year ] == LoadRagion, #im Technolomy}:

Actrvnty 1[4 *Varizble Costl [v.£] *Year Splief ] + Activiey2[v L1 *VarabloTost 2 v 1] *VearSplify.I)=

VarlpCosdy. 111

st B Opsrat=gCostsWarA=1{y in Yeartin Tacknolegy}: sz {l = LoadReges} VarDplest{yv1d] =

AmnVerCeCoa7.t];

5 rbylﬂpum_gﬂ?‘cﬁu fyin Vaar,t in Tacknology}: TotCapAnn[y, f] *Fixed ot [yt Amnh arCplasslv 1]
pmanEoat T,

st B DiscOparat=glasts {yin Yaar, tin Teckonlogy}: OpsresngCoat]vif] *Discoe=TacoeMoYy.t] =

iﬁxﬂpﬂ:m:gﬂm{jﬂf.

&

s Tol Decommsd Costs ==
&

#

st B Towellom|y iz Yiar, t in Tectzology}: DrscDperatingost[y, (] +DiscCepialzvesmant]y.(] -
SahegeValma[v]+ Anmmal TechFmPany, i) =TotlCiscCost]y.i;

* Could do the techoology summason barg! !/

&

&

= Imasmeont Comeints ==
&

st B TotelAenhiaxCapanty{yin Yaas, tin Tecknologyh: TocCapAnn[y.] ==

TatldmehlaxCanacind ],

st B To Snlapacityfy in Yeer, ¢ in Tecknology}: TebCapAmn[y.t] ==
TotelAnnhSnCrpacityy.d:

&

&
&
b Rasarvs Margin ===
&
&

st M _TechIncleded {v in Yeear, | in LoadRagion): sum 4t &= Techoology TotCapAnn[y.i] *

FMTegTacklwd] = Tﬁitapl_ﬂd[y. frmd ' ]

st BM_Fuellncloded{y i= Year, | iz LoadRegon}: sum {f = Fuel} Cemand[y, L] *

EMTegTuslv.] =DNMDinSAv.1):

5t B Constraint{y in Vear. | in LeadRagion}: DMCenR N 7.]] = By
= TorCapinFM[v]*Cnsdatrn 1)

&

&

= Emsiszions ——

i

&

&t EmnssionProdection] {v iz Yeaz, t in Tackezelegy, «in Emission}: szl iz LoadRogon}

EmissicnAct-tyFato]y,Le] *Actany] [v.Le] *YearSply, L]:_m.u:ml:':u:]] rie]

&t EmiszionProdection®{vin Yeaz, t in Techeclogy, iz Emission}: c_"n{ll_ mdRamoz}

EmissicndctotyRasiofye] * Activind [y L Tear Sy FEmissionsFrod v s8],

&t EmnissionProductiond{v in Yeaz, t in Tacheology, & in Emission: Emm“mdlb e *

EmissiensPradXvis] = 'lz_a]Tﬂr"mmmubu

st EmissionsPanalty] {v iz Vear, t = Techoolomy, ¢

Emission}-Anmal TeckEmmission]y, t.n]'Eunllman'n:a]rrb a]=Anm [ TechEmPanBrTm]v e ]

5.t EnsissionsParaliy] {v = Year, £ = Technology}: sum{s in Ensission} Azl TachErPonEvEarte] =

AnmzalTeckEmPun|yi];

5t EmnissionsPemaliy3 {v iz Vear, ¢ i Techoology}: AzsueTeckEmPeely 1] *DliscoentFacochdo ¥ yl] =

DiscAmnTechEmPeelv.(1 5
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Basic equations (1)

Objective :
P . 2. TotalDiscCost,,
minimize: y t

TotalDiscCost ,, = DiscOperatingCost,, + DiscCapitallnvestment, - SalvageValug, + DiscEmissionsPenalty,
DiscOperatingCost,, =OperatingCosf,, * DiscountFactor, ,,
OperatingCosf,,.=TotCapAnp, * FixedCost,,, + > Activity, , ,* VariableCost, , * YearSplit,, )
I

DiscCapitallnvestment, =CapitalCost, , * NewCap ,* DiscountFactoy ,,

Production,, ,;> Demand, , ,;+ Usg,,,;
Where:
Production,,, ,;= > (Activity, , ,.* OtptActvtyRatig, , * YearSplit,, )

t

Use,, ;= D Activity,, ,* InptActvtyRatig, ,* YearSplit,, )
t
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