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L_ npcqclrc gltcqrge_ag£l qc pc_jgx£ cl j_ ascla_ bcj p ¡m Ij_tc+ s̀ ga_bm bclrpm bc j_ pceg£l Hgbpmep � dga_
bcj Tgrga_a_ 'Pcp¥( + rclgclbm amkm m`hcrgtm npmlmqrga_p jmq a_sb_jcq kcbgmq kclqs_jcq bcj pgm Ij_tc
sq_lbm Mmbcjmq bc Rcbcq Ncspml_jcq Ap rgdgag_jcq+ _njga_bm _j npm`jck_ bcj npml£qrgam kclqs_j bc cqr_
t_pg_`jc+ aswm pcqsjr_bm nscbc cknjc_pqc cl j_ nj_lgdga_ag£l w ecqr g£l bc jmq pcaspqmq f¡bpgamq cl ascla_q
fgb pmep � dga_q- L_ gldmpk_ag£ l fgbpmkcr cmpmj£ega_ srg j gx_b_+ amp pcqnmlbc _ j Sc pt gagm N _agml_j bc
Mcrcmpmjme¡_ c Hgbpmjme¡_ aml sl ncpgmbm bc pcegqrpm bc 0854 _j 1//6+ bc bmlbc qc nj_lrc_pml /5 kmbcjmq
osc cqr� l cl dsla g£l bc npcagngr_a gmlcq w a_sb_jcq+ asw_ d_qc bc clrpcl_kgclrm+ t_jgb_a g£l w npsc̀ _+ qc
pc_jgx_pml aml cj 6/$+ 04$ w 04$ bcj rmr_j bc b_rmq pcqncargt_kclrc+ aml sl_ pcb bc clrpcl_kgclrm
bcqgel_b_ Pcpacnrp£l Msjrga_n_ 'MLP( w cj _jemp grkm � `_ai,npmn_e_rg£l�- L_ q gelgdga_a g£l cqr_b¡qrga_
bc jmq glbga_bmpcq bc bcqcknc¢m bc cdgagclag_ bc N_qf,Ssra jgddc 'NSE( w j_ p_¡x bcj cp pmp as_bp � rgam
kcbgm 'RMSE(+ dscpml ct_js_bmq sq_lbm cj k� rmbm bc `mmrqrp_n glampnmp_bm cl cj a£bgem FITEVAL w
amkm glbga_bmpcq amknjckclr_pgmq bc ct_js_ag£l rp_bgagml_j+ cj amcdgagclrc bc bcrcpkgl_ag£l 'R1( w cj
cp pmp as_bp� rgam kcbgm lmpk_jgx_bm 'ECMN( - Lmq pcqsjr_bmq bc t_jgb_a g£l w npsc`_ glbga_l a_jgdga_rgtmq
bc `sclmq _ ksw `sclmq+ _q¡ rclckmq osc cl j_ d_qc bc npml£qrgam n_p_ jmq kmbcjmq qcjcaa gml_bmq
MRNA4+ MRNA1 w MRNA2+ jmq amcdgagclrcq bc Ed ga gcla g_ bc N_qf,Ssra jgddc qml bc 77-/$+ 76-8$ w
76-0$; j_ p_¡x bcj cppmpkcbgm as_bp � rgam qml bc 07-76$+ 07-85$ w 08-45$ pcqncargt_kclrc- Sc amlajswc
osc cj npml£qrgam bc a_sb_jcq kcbgmq kclqs_jcq bcj p¡m Ij_tc srgj gx_lbm kmbcjmq bc Rcbcq Ncspml_jcq
Ap rgdgag_jcq+ kscqrp_l sl s̀cl bcqcknc¢m cl j_ cqrgk_ag£l bc dcl£kclmq bc amknmp r_kgclrm lm jglc_j
amkm jmq a_sb_jcq-
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Tfgq pcqc_paf u_q amlbsarcb gl rfc Ij_tc p gtcp `_q gl jma_rcb ugrfgl rfc fwbpmep_nfga pcegml md Tgrga_a_
'Pcps(+ _gkgle rm npcbgar rfc _tcp_ec kmlrfjw djmu md rfc pgtcp Ij_tc sqgle Aprgdgag_j Ncsp_j Ncrumpiq kmbcjq
_nnjgcb rm dmpca_qr rfc kmlrfjw t_p g_`jc djmu md rfgq pgtcp- Tfc pcqsjrq md rfgq rwnc md dmpca_qrgle a_l `c
sqcb gl rfc nj_llgle _lb k_l_eckclr md u_rcp pcqmspacq gl p gtcp `_q glq- Tfc fwbpmkcrcmpmjmega_j
gldmpk_rgml sqcb+ amppcqnmlbq rm rfc N _rgml_j Mcrcmpmjmega_j _lb Hwbpmjmega_j Scptgac pcegq rpgcq `cruccl
0854 � 1//6- /5 kmbcjq ucpc npmnmqcb rf_r _pc _̀qcb ml p_gld_jj _lb pgtcp djmu+ ufmqc rp_glgle+ t_jgb_rgml
_lb rcqrgle nf_qcq ucpc pc_jgxcb ugrf 6/$+ 04$ _lb 04$ md rfc rmr_j b_r_ pcqncargtcjw- A rp_glgle
lcrumpi rgrjcb Msjrg j_wcp Pcpacnrgml 'MLP( _q ucjj _q _jemp grfk _lb � `_ai ,npmn_e_rgml�rcaflgoscq ucpc
sqcb- Tfc qr_rgq rga_j qgelgd ga_lac md rfc ncpdmpk_lac glbga_rmpq N_qf 'NSE( _lb rfc Rmmr Mc_l Sos_pc
Eppmp 'RMSE( + ucpc _qqcqqcb sqgle rfc `mmrqrp_n kcrfmb glampnmp_rcb gl rfc FITEVAL ambc- Tfc amcddgagclr
md bcrcpkgl_rgml 'R1( _lb Nmpk_jgxcb Rmmr Mc_l Sos_pc Eppmp 'NRMSE( ucpc sqcb _q amknjckclr_pw rm
glbga_rmpq md rp_bgrgml_j _qqcqqkclr- Tfc pcqsjrq md rcqr bcqap gnrgmlq _lb t_jgb_rgml glbga_rc emmb rm tcpw
emmb pcqsjrq + qm gl rfc dmpca_qr nf_qc dmp qcjcarcb kmbcjqMRNA4 + MRNA1 _lb MRNA 2+ N_qf amcddga gclrq
_pc 77-/$+ 76-8$ _lb 76-0$; kc_l qos_pc pmmr cppmp _pc 07-76$ + 07-85$ _lb 08-45$ pcqncargtcjw- Wc
amlajsbc rf_r rfc _tcp_ec kmlrfjw djmu dmpca_qr md rfc pgtcp Ij_tc+ sq gle Aprgdga g_j Ncsp_j Ncrumpi kmbcjq +
qfmu _ emmb ncp dmpk_lac gl cqrgk_rgle lmljglc_p nfclmkcl_ qsaf _q djmu `cf_tgmp-
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Apr- Rcag g̀bm 07 bc k_wm 1/03
Apr- Aacnr_bm /2 bc hslgm 1/03
GfS]ZTRU`3 2/ Jslgm bcj 1/03

G7C78I7J 9C7M<3
) B_ainpmn_e_rgml
) a_sb_jcq kcbgmq

) pcbcqlcspml_jcq _prgdgag_jcq p¡m
) Ij_tc
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Aprgajc Rcacgtcb M_w 07+ 1/03
AprgajcAaacnrcb Jslc 2+ 1/03
GfS]ZdYVU3Jslc 2/+ 1/03

B<P NFI;J3
) _prgdgag_j lcsp_j lcrumpiq

) `_ai npmn_e_rgml
) Ij_tc pgtcp

) kc_l djmuq
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0Scptgagm N_agml_j bc Mcrcmpmjme¡_ c Hgbpmjme¡_ � Pslm; cjsh_lm17@ek_gj-amk 1Asrmpgb_b N_agml_j bcj Aes_ ,Abkglgqrp_a g£l Lma_j bc Aes_ Hs_la_l�
2Eqrsbg_lrc bc Ileclgcp¡_ bc Sgqrck_q+ Ulgtcpqgb_b N_agml_j bcj Ajrgnj_lm Pslm , Pcp¥-

Edp_gl Lsh_lm0+ Anmjgl_pgm Lsh_lm1+ Jmq� Pgr� emp_q Qsgqnc1+ Rcl� Lsh_lm2
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Ulm bc jmq np m̀ jck_q amkslcq cl j_ nj_lgdga_ag£l w ecqrg£l bc jmq
pcaspqmq f¡bpgamq cl ascla_q fgbpmep� dga_q+ cq cj amlmagkgclrm qm`pc
j_ bgqnmlg`gj gb_b bcj _es_ n_p_ j_ _rcla g£l bc j_q bck_lb_q bc jmq
bgdc pclrc q s qm q+ n mp jm osc qc f_ac lc acq_p gm am lmac p j_
bgqnmlg̀ g jgb_b dsrsp_+ osc lmq ncpkgr_ nj_lrc_p npmnscqr_q n_p_ sl_
_bcas_b_ ecqrg£l bc jmq pcaspqmq f¡bpgamq-

El j_ _ars_jgb_b qc f_l _ g̀cprm j_q nmqg g̀ j gb_bcq bc j_ srgj gx_a g£l bc
kmbcjmq bc glrcjgeclag_ _ prgd ga g_j amkm j_q pcbc q lcspml_jcq
_prgdgag_jcq osc ncpkgrcl a_nrsp_p j_ l_rsp_jcx_ lm jglc_j bc jmq
dcl£kclmq _ npmlmqr ga_p- Sc npcqclr_l amkm sl lsctm kmbcjm
ckn¡p gam 'm bcj rgnm � a_h_ lcep_�( osc ncpkgrc _npmvgk_p as_josgcp

dsla g£l 'Bp_tm [j Wb(& 1//3(- Vgclcl _ qcp q gq rck_q bc npmacq_kgclrm
bc j_ gldmpk_ag£l asw_ cqrpsarsp_ w dslagml_kgclrm cqr� l glqngp_bmq
cl j_q pcbcq lcspml_jcq `gmj£ega_q 'Hgjcp_ w M_pr¡lcx+ 1///(- L_q
pcbcq lcspml_jcq dsla gml_l qce¥l cj npglagngm bc _npclbgx_hc bcj
amlhslrm bc clrpcl_kgclrm- Alrcq bc j_ dmpk_ag£l+ j_ pcb lm rgclc
lgle¥l amlmagkgclrm qm`pc cj np m̀ jck_+ jm osc cqrm f_ac osc _

kcbgb_ bcj clrpcl_kgclrm j_q pcbcq _npclbcl w qc_l a_n_acq bc
npmnmpa gml_p pcqsjr_bmq cvgrmqmq- Pscbcl amlqgbcp_pqc amkm sl_
fcpp_kgclr_ cqr_b¡q rga_ amknjcr_ n_p_ cj _l� j gqgq bc b_rmq+ 'Bgqfmn+
0884( -

Ss srg jgx_a g£l cl cj npml£qrgam bc a_sb_jcq cq pcj_rgt_kclrc lsct_+

cl jmq ¥jrgkmq _¢mq qc f_l srg j gx_bm aml ksw s̀clmq pcqsjr_bmq cl
cj npml£qrgam bc a_sb_jcq lgt_jcq 'D mjjgle w V_p_ q+ 1///( + cj
kmbcj_bm jjst g_,cqamp pclr¡_ 'Tmi_p w Jmflqml+ 0888+ Tfgpsk_j_g_f
w Dcm+ 1///(+ cj cqr_`jca gkgclrm bc pcj_a gmlcq lgtcj,a_sb_j 'J_gl w
Cf_jgqe_mli_p+ 1///( + npcbgaa g£l bcj lgtcj bc _es_ 'P_rpgai w Cmjj glq
1//1+ Hs_le [j Wb(& 1//2( + npml£qrgam bc a_sb_jcq bc apcagb_q cl

rgcknm pc_j 'Gmlx_jcq+ 1//2 w R mbpgescx+ 1//7( + npml£qrgam bc
ctmjsag£l bc lgtcjcq bc _es_ 'Hgj jk_l [j Wb-+ 1//3(+ kmbcjgx_ag£l
_njga_bmq _ j_ Hgbpmjme¡_+ Acpm`gmjme¡_ w kmbcjgx_ag£l bc npmacqmq
'C_qrcjj_lm+ 1//8(+ kmbcjgx_a g£l w npctgqg£l bc a_sb_jcq 'L_osg+
1/0/(+ npml£qrgam bc a_sb_jcq 'B_pp ¡_+ 1/0/(+ npcbgaag£l bc a_sb_jcq
lm _dmp_bmq 'Bcq_u [j Wb(& 1/0/+ Dmjjgle w V_p_q 1//1+ D_qrmp_lg w

Wp gefr 1//1+ Wpgefr [j Wb(+ 1//1(+ cqrgk_ag£l bc a_sb_jcq 'Ygjk_q
[j Wb(& 1/00( + q gksj_a gml bc lgtcjcq bc _es_ 'R_`glbp_ [j Wb(+ 1/0/(
w clrpc ksaf_q k� q- Hmw cl bg_ cv gq rcl lskcpmq_q _njga_a gmlcq
cl fgbpmjme¡_+ bcbga_b_q _ npcbcagp w kmbcj_p jmq dcl£kclmq bc
npca gngr _ag£l,cqamppclr¡_ cl ascla_q fgbpmep� dga_q b c bgq rglr_q
a_p_arcp¡q rga_q+ srgj gx_lbm b_rmq bc clrp_b_ r_jcqamkm npca gngr_ag£l

w a_sb_j- Ej � vgrm bc j_ kmbcj_ag£l bcnclbc cl ep_l kcbgb_ bc j_
a_ jgb_b w a_lrgb_b bc b_rm q bgqnmlg`jcq n _p_ jmq npmacqmq bc
_npclbgx_hc+ t_jgb_a g£l w a_j g̀ p_ag£l 'Hgjjk_l [j Wb(& 1//3(-

Ej rp_`_hm npcqclr_ cj sqm bc pcbcq lcspml_jcq _p rgdga g_jcq n_p_ cj
npml£qrgam bc a_sb_jcq kcbgmq kclqs_jcq bcj p¡m Ij_tc+ jm as_j cq

ksw cqclag_j n_p_ pcqmjtcp sl _knjgm l¥kcpm bc npm`jck_q bc
nj_lgdga_ ag£l w ec qrg£l bc jmq pcaspqmq f ¡bpgamq+ qspe gc lbm j_
lcacqgb_b bc _bmnr_pcqrmq lsctmq kmbcjmq bc glrcjgeclag_ _prgdga g_j
amkm glqrpskclrm bc npml£qrgam-

Ej m`hcrgtm bcj npcqclrc rp_`_hm bc gltcqrge_a g£l ds c cqr_`jcacp

kmbcjmq `_q_bmq cl pcbcq lcspml_jcq _prgdgag_jcq osc ncpkgr_l
npmlmqrga_p aml agcpr _ cv_argrsb jmq a_sb_jcq kcbgmq kclqs_jcq bcj
pgm Ij_tc cl dslag£l bc t_pg_`jcq amkm npca gngr_a g£l w a_sb_j-
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L _ ascl a_ bcj p gm I j_tc ecm ep� dga_kclr c qc s `ga_ clr pc j_q
ammpbcl_b_q UTM 'WGS 73(; Eqrc '241+242 � 341+ /41 k(+ Nmprc
'7|0/3+66/ � 7|137+640 k( w _jrg rsb amknpclbgb_ clrpc '2+7/4 , 4+3//
kqlk(- L_ xml_ bc cqrsbgm dmpk_ n_p rc bc j_ Rceg£l Hgbpmep� dga_

bcj Tgrga_a_ ' j_bm Pcps_lm(- Sc a_p_arcpgx_ amkm sl qgq rck_ bc
ascla_ clbmppcga_+ s`ga_b_ cl j_q npmt glag_q bc Pslm+ Ej Cmjj_m w
C fsasgrm cl cj bcn_pr_kclrm bc Pslm , Pcp¥- L_ qsncp dga gc rmr_j bc
j_ ascla_ bcj p¡m Ij_tc cq bc 6+721-42 Kk1+ cj p � egkcl fgbpmj£egam
cq njstg_j+ npcqclr� lbmqc a_sb_jcq k_wmpcq cl jmq kcqcq bc clcpm
f_qr_ _`pgj eclcp_jkclrc cl jmq kcqcq aml _̀qr_lrc npcagngr_a g£l-

=ZXfcR *' U`ga_ag£l bcj � pc_ bc cqrsbgm
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C s_lrgr_rgtm+ Nm cvncp gkclr_j w bc amprc jmlegrsbgl_j npcr� pgrm-
Eq sl_ gltcqrge_a g£l as_lrgr_rgt_ osc cqrsbg_ cj amknmpr_kgclrm
bc j_q bcqa_pe_q kcbg_q kclqs_jcq- Eq lm cvncpgkclr_j nmposc
qml dcl£kclmq osc lm qc nscbcl k_lgnsj_p- Eq bc amprc jmlegrsbgl_j
npcr� p grm nmposc j_q bcqa_pe_q kcbg_q kclqs_jcq qml dcl£kclmq
osc f_l qsacbgbm _ rp_t� q bcj rgcknm-

G`S ]RTZ� _ j ^fVdecR

Sc amlqgbcp_ amkm nm`j_a g£l _j rmr_j bc j_q bcqa_pe_q kcbg_q
kclqs_jcq bc j_q ascla_q bc jmq p¡mq cl cqrsbgm cl a_b_ cqr _a g£l
bc _dmpm- Sc amlqgbcp_ kscqrp_ cj amlhslrm bc b_rmq pcamngj_bmq bc
a_b_ cqr_ag£l fgbpmj£ega_- Eqrmq b_rmq qml amlqgbcp_bmq amkm

kscqrpcm _jc_rmpgm- Sc srg jgx_pml /2 cqr_a gmlcq fgbpmj£ega_q 'Psclrc
Ij_tc+ R_kgq w Hs_la_l� (w 06 cqr_agmlcqkcrcmpmj£ega_q osc cqr� l
s` ga_b_q bclrpm w _jpcbcbmp bc j_ as cla_ 'Ij_tc+ Jsjg+ I afs¢_+
Pgx_amk_+ P_kn_ Uk_jxm+ C_n_xm+ Cfgj j ges_+ Ysleswm+ Rglaml bc
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j_ Cpsx+ L_p_oscpg+ Pslm+ M_¢_xm w Vgj_amr_( + j_q as_jcq ncp rclcacl
_j Scpt gagm N _agml_j bc Mc rcmpmjme¡ _ c Hgbpm jme¡ _ 'Scl_kfg( +

'Ympmfmam w Pmam_osc(Ppmwcarm Bgl_agml_j bcj L_em Tgrga_a_ 'Pcjr(
w j_q cqr_a gmlcq 'Cfgafgj j_ng+ C mwn_ C mwn_( + ncpr clcagclrcq _j
Ppmwcarm Eqncag_j T_al_ 'Pcr( + aml sl ncpgmbm bc pcegqrpm bc clcpm
0854 f_qr_ bga gck`pc bcj 1//6-

I VUVd EVfc`_R]Vd 7ceZW ZTZR]Vd
El cj npcqclrc cqrsbgm qc srg j gx£ cj ncpacnrpml ksjrga_n_ j_ as_j cq

sl_ pcb lcspml_j dmpk_b_ nmp k¥jrgnjcq a_n_q w cqrm ncpkgrc pcqmjtcp
npm j̀ck_q osc lm qml jglc_jkclrc qcn_p_`jcq-

=ZXfcR +' Dc j_ lcspml_ `gmj£ega_ _ j_ _prgdga g_j

D`UV]R^ZV_ e` T`_ cVUVd _Vf c̀ _R]Vd RceZWZTZR]Vd

H_qrgc [j Wb(& '1//7(+ qc¢_j_l osc cq bgd¡a gj b_p sl_ pcej_ eclcp_j
qm`pc as_lr_q m`qcpt_agmlcq qc bcqc_ _qgel_p _ a_b_ amlhslrm;
n_p_ cj clrpcl_kgc lrm b c jmq km bcjmq b c pc bcq lc spm l_jcq

_prgdga g_jcq+ qc srg j gx_ cj 6/$ bc b_rmq bgqnmlg`jcq+ w 04$ n_p_ j_
t_jgb_a g£l w npsc`_ 'B_ppg_+ 1/0/( bc npca gngr_a gmlcq w a_sb_jcq- Ej
p_lem bc grcp_a g£l bc j_q lcspml_q cl j_ a_n_ masjr_ qc dgh£ `_hm j_
pcqrp gaa g£ l bc lm a_j g̀ p_p k� q n_p � kcrpmq osc sl 64$ bc j_q
m`qcpt_agmlcq aml osc qc asclr_ 'D¤jj gle w V_p_q+ 1///(-

Ej _jempgrkm bc _npclbgx_hc n_p_ cj rgnm bc pcb ncpacnrp£l ksjrga_n_+
cq c j b c npmn_e_ag£l bcj cppmp f_ag_ _rp � q 'B_ainpmn_e_rgml( +
cknjc_lbm sl_ dslag£l bc rp_lqdcpcla g_ qgekmgbc_+ aml sl_ r_q_
bc _npclbgx_hc ges_j _ /-14 w sl d_armp kmkclrm ges_j _ /-8/- El
eclc p_ j+ cj t_jmp bc j_ r _q_ b c _n pc lbgx_hc ' � ( qscjc cqr_p
amknpclbgb_ clrpc /-/4 w /-14+ 'Hgjcp_ w M_pr¡lcx+ 1///( w cj d_armp

kmkclr m qscjc r mk_p sl t_jmp np£v gkm _ 0 nmp chcknjm / -8
'Rskcjf_p r [j Wb(& 0875 w Dmjj gle w V_p_q+ 1//1( -

P_p_ j_ amlqrpsaa g£l+ clrpcl_kgclrm+ t_jgb_a g£l w npsc`_ bc jmq
kmbcjmq qc sr gj gx_ cj npmep_k_ Ajwsb_ NcspmIlrcjjgeclac 1-1 tcpqg£l
rpg_j+ bcq_ppmjj_bm nmp ALYU DA Rcqc_paf Cmkn_lw+ cqrc npmep_k_

ncpkgrc bc sl_ dmpk_ p �ngb_ cqamecpcj l¥kcpm bc lcspml_q masjr_q
rclgclbm amkm `_qc j_q clrp_b_q w q_jgb_q bc j_ pcb-

7cbfZeVTefcR UV] aVcTVae c̀ _ ^f ]eZTRaR "DCG#
El j_ np� arga_ lm cvgq rc sl_ pcej_ bcdglgb_ n_p_ cqr_`jcacp cj l¥kcpm
bc lcspml_q cl j_ a_n_ bc clrp_b_- Ul npmacbgkgclrm ¥rg j n_p_ j_

qcjcaa g£l bc j_q t_p g_`jcq pcjct_lrcq 'M_qrcpq+ 0882( + amlqgq rc cl
clrpcl_p j_ pcb aml rmb_q j_q t_p g_`jcq bc clrp_b_ lcacq_pg_q w _
amlr gls_ag£l gp cjgkgl_lbm sl_ t_pg_`jc bc c lrp_b_ a_b_ tcx w
pcclrpcl_p j_ pcb-

L_ gbc_ bc amk`gl_p t_p gmq ncpacnrpmlcq n_p_ nmbcp amlqcesgp

pcj_a gmlcq lm jglc_jcq+ amlqgesg£ bcjgkgr_psl npmacqm bc _npclbgx_hc

osc dscp_ a_n_ x bc kmbgdga_p jmq ncqmq bc j_ pcb bc sl km bm
c dga gclrc+ _ cqr _ pcej_ b c _npclb gx_ hc qc jc jj_k £ _jem pgrkm
`_ainpmn_e_rgml m pcej_ bcjr_ eclcp_jgx_b_ w cq+ fmw cl b¡_+ slm
bc jmq _jempgrkmq bc _npclbgx_hc k� q srg jgx_bm w cqrsbg_bm n_p_
rmbm rgnm bc pcbcq-

=ZXf cR ,- Aposgrcarsp_ pcb lcspml_j _prgdga g_j ncpacnrpml ksjrga_n_

7 acV_UZkR[V

Ajcepc '1//2( + glbga_ osc sl_ bc j_q a_p_arcp ¡qrga_q bc j_q pcbcq
lcspml_jcq _prgdgag_jcq cq qs a_n_agb_b bc _npclbcp _ n_p rgp bc a gcprmq
b_rmq- Ul_ tcx osc f_ qgbm cjcegb_ j_ _posgrcarsp_ bc pcb n_p_ sl
bcrcpkgl_bm npm`jck_+ jmq ncqmq bc j_q amlcvgmlcq qc _hsqr_l n_p_
ambgdga_p j_ gldmpk_ag£l am lr clgb_ cl sl amlhslrm bc b_ rmq bc
clrpcl_kgclrm- Sce¥l Hgjcp_ w M_pr¡lcx '1///(+ n_p_ osc j_ pcb

_npclb_ qc bc c̀ qcesgp /5 n_qmq gknmpr_lrcq9

GRd` *3 Ilgag_j gx_p jmq ncqmq b c j_ pcb aml t_jmpcq nc osc¢mq
_jc_rmpgmq-

GRd` +3 Ppcqclr_p sl n_rp£l bc clrp_b_+ X
n
9 v

n0
+ v

n 1
+ ---+ v

n N
+ w

cqncagdga_p j_ q_jgb_ bcqc_b_ osc bc`c eclcp_p j_ pcb9 b0 + b1 +---+ bM-

/0 $ (''

DFCBrGH=6C 78 64I74@8G A87=CG A8BGI4@8G 78@ F=C =@4J8 IG4B7C AC78@CG 78 F878G B8IFCB4@8G 4FH=9=6=4@8G



0) DN^% <V^N[\RP% 3T\WJVMRV% )'(+2 HWT (- @ZW (1

GRd` ,3 C_jasj_p j_ q_jgb_ _ars_j bc j_ pcb; n_p_ cjjm npcqclr_kmq
j_q clrp_b_q _ j_ pcb w t_kmq a_jasj_lbm j_ q_jgb_ osc npcqclr_

a_b_ a_n_ f_qr_ jjce_p _ j_ a_n_ bc q_jgb_ cqr_ qcp � j_ q_jgb_ bc j_
pcb w

0
+ w

1
+y-- +w

M
+ jmq n_qmq qml jmq q gesgclrcq9

� Sc a_jasj_l j_q clrp_ b_q l cr_q n _p_ j_q lcspml _q masjr_q
npmacbclrcq bc j_q lcspml_q bc clrp_b_- P_p_ sl_ lcspml_ `
masjr_9

1
$

-"$
N

i 0

h
pi j

h
ji

h
pjnet w x '0(

El bmlbc cj ¡lbgac f qc pcdgcpc _ k_elgrsbcq bc j_ a_n_ masjr_
'fgbbcl( ; cj qs`¡lbgac n+ _j n,� q gkm tcarmp bc clrpcl_kgclrm+ w h _ j_
h, � qgk_ lcspml_ masjr_- Ej r� pkglm * nscbc qcp mnagml_j+ nscq _ar¥_

amkm sl_ clrp_b_ k�q-

� Sc a_jasj_l j_q q_jgb_q bc j_q lcspml_q masjr_q srg jgx_lbm sl_
dslag£l bc _argt_a g£l f -

y f (net )h
pj

h
j

h
pj $ '1(

� Sc pc_jgx_l jmq kgqkmq a� jasjmq n_p_ m`rclcp j_q q_jgb_q bc

j_q lcspml_q bc q_jgb_ 'a_n_ m9 msrnsr(

1
$

-"$
N

j 1

o
pj k

o
kj

o
pknet w y

y f (net )
o
pk

h
k

o
pk $

'2(

'3(

P_p_ kglgkgx_p cj cp pmp 'd£pksj_ cl cj P_qm 5( j_ dsla g£l \ bc`c qcp

bcpgt_`jc + jm osc gkn jga_ j_ gknm qg`gj gb_b bc srg jgx_p j_ dsla g£l
cqa_j£l- El eclcp_j qc srg jgx_l bmq rgnmq bc dslag£l bc _argt_ag£l9
j_ dslag£l jglc_j ' d 'lcr

h i
(= 'lcr

h i
( ( w j_ dslag£l q gekmgbc_ bcdglgb_

nmp j_ cas_ag£l9

j knetjk
e1

1
f (net )

#
"

$ '4(

L_ cjcaag£l bc cqr_ dsla g£l bcnclbc bc j_ dmpk_ cl osc qc bcagb_
pcnpcqclr_p jmq b_rmq9 qg qc bcqc_ osc j_q lcspml_q bc q_jgb_ qc_l
`gl_pg_q+ qc srgj gx_ j_ dsla g£l qgekmgbc_+ nscqrm osc j_ dslag£l cq
a_qg g̀cq r_̀ jc w _bck� q+ bcp gt_`jc-

GRd` -3 9R]Tf]Rc ]`d e�c^Z_`d UV Vcc` c aRcR e`URd ]Rd _Vfc`_Rd'

Dcqns� q osc r mb_q j_q lcspml_q bc j_ pcb rgc lcl sl t_jmp bc
_argt_a g£l _qmag_bm n_p_ sl n_rp£l bc clrp_b_ b_bm+ cj _jempgrkm
amlrgl¥_ clamlrp_lbm cj cp pmp osc qc npcqclr_ n_p_ cada neurona,
excepto l asde la capa de entrada. Paral aneurona k bc j_ a_n_

bc q_jgb_+ qg j_ pcqnscqr_ cq (y
1
, y

2
,..., y

M
), dicho error #($" qc

nscbc cqapg`gp amkm9

(d y )f (net )pk
´

pk pk pk k#$+

(d y )y (1 y )pk pk pk pk pk##$+

w n_p_ j_ dslag£l qgekmgbc_ cl n_prgasj_p9

'5(

'6(

Sg j_ lcspml_ ` lm cq bc q_jgb_+ clrmlacq j_ bcpgt_b_ n_pa g_j bcj
cp pmp lm nscbc qcp ct_js_b_ bgpcar_kclrc- Pmp r_lrm+ qc m`rgclc cj

bcq_ppmjjm _ n_p rgp bc t_jmpcq osc qml amlmagbmq w mrpmq osc nscbcl
qcp ct_js_bmq-

L_ cvnpcqg£l m`rclgb_ cl cqrc a_qm cq9

1+#$+
k

pi pi pk kj
h
pj x (1 x ) w '7(

m`qcpt_kmq osc cj cppmp cl j_q a_n_q masjr_q bcnclbc bc rmbmq jmq
r� pkglmq bcj cppmp bc j_ a_n_ bc q_jgb_- Dc _os¡ cj lmk`pc bc
npmn_e_ag£l f_ag_ _rp �q - El n_prgasj_p n_p_ j_ dslag£l qgekmgbc_-

D mlbc k qc pcdgcpc _ rmb_q j_q lcspml_q bc j_ a_n_ qsncpgmp _ j_ bc
j_ lcspml_ j. Aq¡ cj cppmp osc qc npmbsac cl sl_ lcspml_ masjr_ cq
npmnmpagml_j _ j_ qsk_ bc jmq cp pmpcq amlmagbmq osc qc npmbsacl
cl j_q lcspml_q _ j_q osc cqr� amlcar_b_ j_ q_jgb_ bc j_ kgqk_+
ksjrgnj ga_lbm a_b_ slm nmp cj ncqm bc j_ amlcvg£l- Lmq sk`p_jcq
glrcplmq bc j_q lcspml_q qc _b_nr_l bc dmpk_ qgkgj_p+ amlqgbcp_lbm

osc cqr� l amlcar_bmq aml ncqmq bcqbc clrp_b_q _svgj g_pcq bc t_jmp
amlqr_lrc-

GRd` .3 7TefR]ZkRTZ� _ UV aVd̀ d

P_p_ cjjm srg j gx_kmq cj _jempgrkm pcaspqgtm+ amkclx_lbm nmp j_q

lcspml_q bc q_jgb_ w rp_`_h_lbm f_ag_ _r p� q f_qr_ jjce_p _ j_ a_n_
bc clrp_b_+ _hsqr_lbm jmq ncqmq bc j_ d mpk_ qgesgclrc9
P_p_ jmq ncqmq bc j_q lcspml_q bc j_ a_n_ bc q_jgb_9

w (t 1) w (t) w (t 1);o
kj kj kj "%"$"

h
pk pj

o
kjw ( t 1) y)+$"%

w ( t 1) w (t) w (t 1);h
ji ji ji "%"$"

pi
h
pj

h
jiw (t 1) y)+$"%

w n_p_ jmq ncqmq bc j_q lcspml_q bc j_ a_n_ masjr_9

'8(

'0/(

'00(

'01(

El _k`mq a_qmq+ n_p_ _acjcp_p cj npmacqm bc _npclbgx_hc+ qc gla jswc
sl_ r_q_ bc _npclbgx_hc osc t_p ¡_ clrpc / w 0+ bcnclbgclbm bcj
npm`jck_ _ qmjsa gml_p- T_k g̀� l qc nscbc _¢_bgp sl r� pkglm bc
k mkc lr m+ n _p_ am p pc egp j_ b gpcaa g£ l bc j cp pmp + bc t_jm p9

((w (t) w (t 1))kj kj ##, cl cj a_qm bc s l_ lc spml_ b c q _jgb_

w ((w (t) w (t 1))j i ji ##, + as_lbm qc rp_r_ bc sl_ lcspml_ masjr_; j_

amlqr_lrc "
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cq j_ r_q_ bc kmkclrm; w sl rcpacp n_p �kcrpm ) n_p_ _acjcp_p j_

amltcpeclag_ bcj npmacqm-

GRd` /3 Ej npmacqm qc pcngrc f_qr_ osc cj r� pkglm bc cppmp; pcqsjr_
_acnr_ j̀ckclrc ncosc¢m n_p_ a_b_ slm bc jmq n_rpmlcq _npclbgbmq-

1
$

+$
M

k 1

2
p pk

2

1
E '02(

Una vez que ha terminado el proceso de aprendizaje y
los pesos de la red han s ido calculados , es importante
comprobar la calidad del modelo resultante y validar
los m odelos planteados, (Alegre, 2003).

Evaluación estadística de los modelos

Raíz del erro r cuadrático medio (RMSE)

Sigui endo la recomendaci ón de Legates y McCabe
(1999), para evaluar la capacidad predict iva de los

modelos se representara los valores observados frente
a los calculados ilus trando así el grado con el que los
puntos se distribuyen sobre la recta 1:1 o de ajuste
perfec to. El error en las predicc iones del m odelo se
cuant ificara en térm inos de las unidades de la variable
calculada m ediante la raíz del error cuadrático medio

(RMSE). Este indicador es usado frecuentemente y su

def inición viene dada por:

N

yi yi

RMSE

N

i

2

1

)"(1
$

#

$
'03(

<W ZTZV_TZR UV ERdY&Jf eT]ZWWV "EJ<#

Ej apgrcpgm lsk� pgam sr gj gx_bm n_p_ as_lrgdga_p jmq pcqsjr_bmq dsc cj
npmnscqrm nmp 'N_qf w Ssrajgddc+ 086/(amkm glbga_bmp _bgkclqgml_j
bc j_ `mlb_b bc _hsqrc+ cj as_j pcj_a gml_ jmq a_sb_jcq m`qcpt_bmq
aml jmq a_ jasj_ bmq nm p c j kmbcjm - Sc r p_ r_ b c sl glbga_bmp
_knjg_kclrc srg jgx_bm cl j_ ct_js_ag£l bc kmbcjmq fgbpmj£egamq+
a_p_arcpgx_bm nmp qs djcvg`gj gb_b n_p_ qcp _njga_bm _ bgtcpqmq rgnmq

bc kmbcjmq k_rck� rgamq 'MaCscl [j Wb-+ 1//5(-

Ej apgrcpgm bc N_qf,Ssrajgddc+ kgbc as� lrm bc j_ t_pg_`gj gb_b bc j_q
m`qcpt_agmlcq cq cvnjga_b_ nmp j_ qgksj_a g£l- Sg j_ q gksj_ag£l cq
ncpdcar_+ NSE=0; qg qc glrclr_qc _hsqr_p j_q m`qcpt_agmlcq aml cj

t_jmp npmkcbgm+ clrmlacq NSE=/-

2

1

2

1

( )

)"(

1

1

1

$

$

#

#

#$
N

i

N

i

yi y

yi yi

NSE '04(

D mlbc9

iy 9 V_jmp m`qcpt_bm

yi" 9 V_jmp a_jasj_bm

y 9 Ppmkcbgm bc jmq b_rmq m`qcpt_bmq

L_ qgelgdga_lag_ cqr_b¡q rga_ bc cqrmq glbga_bmpcq+ dslb_kclr_jkclrc
j_ cdgagclag_ bc N_qf,Ssra jgddc w j_ p_¡x bcj cp pmp as_bp� rgam kcbgm+

dsc ct_js_b_ kcbg_lrc j_ r� alga_ bc Bmmrqrp_n _srmk_rgx_b_ cl cj
a£bgem F ITEVAL bcj MATLAB+ 'Rgrrcp w Ms¢mx,C_pncl_+ 1/02( -

Aq gkgqkm qc bcqapg`cl jmq np gla gn_jcq glbga_bmpcq cqr_b¡qrgamq
f_` grs_jkclrc srgj gx_bmq n_p_ kcbgp j_ cd cargt gb_b bc kmbcjmq
'Eqn¡jbmp_ [j Wb(+ 0864(-

<cc`c TfRUc� eZT` ^VUZ` _`c^R]ZkRU` "<9DE#

2
N

i 1

2
N

i 1

(yi y)

yi )"(yi

n

n 1
ECM N

1

1

$

$

#

#
#

$ '05(

D mlbc9

n 9 N¥kcpm bc m`qcpt_a gmlcq

C mp pcqnmlbc _j cppmp as_bp� rgam kcbgm+ ncpm lmpk_jgx_bm nmp j_

t_pg_lx_ bc jmq b_rmq- Mgclrp_q k� q acpa_lm _ /+ kchmp _hsqrc bc
jmq t_jmpcq _ jmq pc_jcq w nmp r_lrm kchmp cq cj kmbcjm ct_js_bm w
amlrp_pg_kclrc kgclrp_q k� q qc _jchc _ / kclmq pcnpcqclr_rgtm cq
bcj dcl£kclm m`qcpt_bm-

9`VWZTZV_eV UV UVeVc^Z_RTZ� _ "I+#

Eqrc ¡lbgac bc bcqcknc¢m+ pcnpcqclr_ j_ dp_aag£l bc t_pg_a g£l bc
j_ t_pg_̀ jc bcnclbgclrc cvnjga_b_ nmp cj kmbcjm-

R 1 ECMN2 #$ '06(

El cj a_qm bc sl npcbga rmp ncp dcarm cj amcdgagclrc R1 bc`gcp_ qcp 0-
Sg qc m`rgclc t_jmpcq acpa_lmq _ j_ slgb_b qc rgclc sl kmbcjm
_bcas_bm-

I<JLCK7;FJ

D`UV]R^ZV_e` T`_ IVUVd EVfc`_R]Vd 7ceZW ZTZR]Vd

G]R_eVR̂ ZV_e` UV ^`UV]`d

Sc nj_lrc_pml /5 kmbcjmq bc pcbcq lcspml_jcq _p rgdga g_jcq asw_q
t_ pg_ `jcq bc clr p_ b_ 'a_ n_q b c c lrp_b _( rgc lcl bgd cpclr cq

amk`gl_agmlcq bc npca gngr_ag£l P 'r,i ( n_p_ i = /+ 0+ 1 w a_sb_jcq
_djsclrcq Q

r,i
n_p_ i = 0+ 1+ 2+ 3 w amkm t_pg_`jc bc q_jgb_ cj a_sb_j

kcbgm kclqs_j Q
r
(
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Tabla 1. Variables de entrada y salida

Modelo Variables de Salida Variables de Entrada

M RNA1 Q(t)= f(P(t); Q(t-1))

M RNA2 Q(t)= f(P(t); Q(t-1); Q(t-2))

M RNA3 Q(t)= f(P(t); Q(t-1); Q(t-2); Q(t-3))

M RNA4 Q(t)= f(P(t); P(t-1);Q(t-1); Q(t-2); Q(t-3); Q(t-4))

M RNA5 Q(t)= f(P(t); P(t-1); Q(t-1); Q(t-2))

M RNA6 Q(t)= f(P(t); P(t-1); P(t-2); Q(t-1); Q(t-2); Q(t-3))

7cbfZeVTefcR
El cj rp _̀ _hm bc gltcqrge_ag£l qc rgclc bmq t_pg_`jcq bc clrp_b_ cj
as_j cqr� pcnpcqclr_bm nmp j_ npca gngr_ag£l kcbg_ bcj � pc_ bc
gldjsclag_ w jmq a_sb_jcq kcbgmq kclqs_jcq+ bmlbc j_ _posgrcarsp_

bc j_ pcb f_ qgbm amldmpk_b_ nmp sl_ a_n_ bc clrp_b_+ sl_ masjr_ w
sl_ bc q_jgb_- L_q lcspml_q cl j_ a_n_ bc clrp_b_ t_p ¡_l bc 1 _ 5+
kgclrp_q osc cl j_ a_n_ masjr_ t_p¡_l bc 0 _ 04-

=ZXf cR ,' Aposgrcarsp_ bc j_ pcb

<_ ecV_R^ZV_ e` UV ^`UV]`d
P_p_ cj clrpcl_kgclrm bc jmq kmbcjmq+ qc pc_jgx£ aml cj 64$ bcj
rmr_j bc b_rmq m q̀cpt_bmq+ bcqbc clcpm bc 0854 f_qr_ bgagck p̀c
bcj 0884- El j_ r_`j_ 1+ qc npcqclr_ cj l¥kcpm bc amlcvgmlcq bc jmq

kmbcjmq bc pcbcq lcspml_jcq _prgdga g_jcq osc t_p ¡_ bc 4 _ 0/4+
kgclrp_q osc cj l¥kcpm bc grcp_a gmlcq bc 05 _ 00//5 w osc dscpml
lcacq_pgmq n_p_ kglgkgx_p cj r� pkglm bc cppmp 'Enb%/-//////0 m
Enb%0/, 6( -

Tabla 2. Números dei teracionesy conexiones

Mes N° MRNA1 MRNA2 MRNA3 MRNA4 MRNA5 MRNA6

Ene
I teraciones 6816 4591 2576 2351 4769 1384

Conexiones 21 16 20 63 35 63

Feb
I teraciones 3157 2009 1688 3092 2704 1336

Conexiones 15 20 20 21 15 42

M ar
I teraciones 1978 20 8976 3544 1590 500

Conexiones 6 32 40 84 50 70

A br
I teraciones 1123 501 1414 1701 9229 2027

Conexiones 15 16 30 21 15 42

M ay
I teraciones 2252 3190 3611 4506 2032 1442

Conexiones 9 32 40 105 50 42

Jun
I teraciones 1814 704 1450 3401 1759 1809

Conexiones 9 12 30 105 15 84

Jul
I teraciones 733 2408 2051 41 2267 2677

Conexiones 6 12 50 84 50 14

Ago
I teraciones 35 6269 2391 2342 3858 632

Conexiones 18 16 50 56 50 21

Sep
I teraciones 19 5232 1380 1181 3629 3375

Conexiones 21 24 50 56 50 63

Oct
I teraciones 11006 7748 16 1647 5468 3010

Conexiones 18 32 15 105 40 77

Nov
I teraciones 2064 833 136 3259 22 932

Conexiones 9 12 5 35 50 105

Dic
I teraciones 1093 4405 5541 4395 4351 3962

Conexiones 21 12 45 63 50 49
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MR]ZURTZ� _ UV cVdf]eRU`d

P_p_ j_ t_jgb_ag£l bc jmq kmbcjmq+ qc pc_jgx£ aml cj 04$ bcj rmr_j bc b_rmq m`qcpt_bmq+ n_p_ cjjm qc f_ pc_jgx_bm sl_ qgksj_a g£l bc a_sb_jcq
bcqbc clcpm bc 0885 f_qr_ bgagck`pc bcj 1//0-

= ZXfcR -' Qm`q tq Qqgk 'MRNA4(

El j_ F gesp_ 3+ qc kscqrp_ j_ pcnpcqclr_a g£l ep� dga_ bc j_ amkn_p_a g£l bc jmq t_jmpcq m̀ qcpt_bmq w q gksj_bmq bc j_ qcp gc bc a_sb_jcq kcbgmq
kclqs_jcq bcj p¡m Ij_tc+ cqr_a g£l Psclrc Ij_tc amppcqnmlbgclrcq _j ncpgmbm 0885,1//0+ n_p_ cj kmbcjm MRNA4+ jmq a_sb_jcq qgksj_bmq qml
ksw qgkgj_pcq _ jmq a_sb_jcq m q̀cpt_bmq-

= ZXfcR .' Et_js_ag£l bc j_ `mlb_b bc _hsqrc bc kmbcjmq d_qc bc t_jgb_a g£l Qm̀ q tq Qqgk 'MRNA4(

El j_ dgesp_ 4+ qc gjsqrp_ jmq pcqsjr_bmq m`rclgbmq n_p_ j_ d_qc bc t_jgb_ag£l clrpc jmq a_sb_jcq m q̀cpt_bmq w jmq a_sb_jcq qgksj_bmq+ n_p_ cj
kmbcjm MRNA4+ j_ dgesp_ kscqrp_ sl ksw `scl _hsqrc aml sl_ cdga gclag_ bc N_qf,Ssajgddc 'NSE( = /+828 '/-786 � /-854( w aml t_jmpcq bc j_
p_¡x bcj cppmp as_bp� rgam kcbgm 'RMSE( = 04-8$-

<gR]fRTZ� _ VdeRU �deZTR j dV]VTTZ� _ UV ^`UV]`d

Lmq kmbcjmq bc MRNA qgksj_bmq cl j_ r_`j_ 2 npcqclr_pml sl_ cdgagcla g_ bc N_qf,Ssrajgddc 'NSE( bc 73-3$ _ 82-8$+ kgclrp_q osc cj cp pmp
as_bp� rgam kcbgm lmpk_jgx_bm 'ECMN( rgclc cppmpcq bc 5-/ _ 03-8$+ w cj amcdga gclrc bc bcrcpkgl_ag£l 'R1( t_p¡_ clrpc 74-1$ _ 84-/$-
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Tabla 3. Evaluación delosmodelos
Modelo RMSE [%] NSE [%] ECMN [%] R2 [%]

MRNA1 24.8 85.2 14.6 85.4

MRNA2 16.9 93.1 6.8 93.2

MRNA3 22.4 87.9 11.9 88.1

MRNA4 25.1 84.8 14.9 85.1

MRNA5 15.9 93.9 6.0 94.0

MRNA6 24.6 85.4 14.4 85.6

L_ qcjcaag£l bc kmbcjmq n_p_ cj npml£qrgam+ qc pc_jgx£ kcbg_lrc
jmq pcqsjr_bmq bc a_jgb_b bc jmq glbga_bmpcq cqr_b¡qrgamq- Sce¥l j_
r_`j_ 2 bc ct_js_a g£l+ qc qcjcaa gml_pml jmq kmbcjmq MRNA4+
MRNA1 w MRNA2 nmp npcqclr_p kchmpcq ¡lbgacq bc bcqcknc¢m+

cl amkn_p_a g£l _j pcqrm bc kmbcjmq+ bc`gbm _ jmq `_hmq cppmpcq+ w
_jrmq amcdgagclrcq bc cdga gcla g_ bc N_qf,Ssra jgddc 'N SE(+ jmq as_jcq
qcp �l srg jgx_bmq n_p_ cj npml£qrgam bc a_sb_jcq kcbgmq kclqs_jcq
bcj p gm Ij_tc-

Gc`_ � deZT` UV TRfUR]Vd ^VU Z`d ^V_dfR]Vd

Ej npml£qrgam bc a_sb_jcq kcbgmq kclqs_jcq qc pc_jgx£ aml cj 04$
bcj rmr_j bc b_r mq m`qcpt_bmq+ ncp gmbm amknpclbgbm bcqbc clcpm

bcj 1//1 _ bga gck`pc bcj 1//6-

=ZXfcR /' Qm`q tq Qnpml _( MRNA4+ `( MRNA1 w a( MRNA2

El j_ Fgesp_ 5_+ 5` w 5a+ qc kscqrp_ j_ pcnpcqclr_ag£l ep� dga_ bc j_ amkn_p_a g£l bc jmq t_jmpcq m`qcpt_bmq w npmlmqrga_bmq bc j_ qcp gc bc

a_sb_jcq kcbgmq kclqs_jcq bcj p¡m Ij_tc+ n_p_ jmq kmbcjmq qcjcaa gml_bmq MRNA4+ MRNA1 w MNRA2+ amp pcqnmlbgclrcq _j ncpgmbm 1//1 ,
1//6-

/0 $ (''
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c)

=ZXfcR 0' Et_js_a g£l bc j_ `mlb_b bc _hsqrc bc kmbcjmq n_p_ cj npml£qrgam Qm`q tq Qnpml _( MRNA4+ `( MRNA1 w a( MRNA2

El j_ dgesp_ 6+ qc gjsqrp_ jmq pcqsjr_bmq bc ct_js_a g£l bc j_ `mlb_b
bc _hsqrc bc kmbcjmq n_p_ j_ d_qc bc npml£qrgam clrpc jmq a_sb_jcq
m q̀cpt_bmq w jmq a_sb_jcq npmlmqrga_bmq+ j_ dgesp_ 6_ n_p_ cj kmbcjm
MRNA4+ kscqrp_ sl _hsqrc bc j_ cdgagclag_ bc N_qf,Ssra jgddc 'NSE(
= /-77 '/-7/5 � /-836( + kgclrp_q osc cl j_ dgesp_ 6̀ amppcqnmlbc _j
kmbcjm MRNA1+ aswmq pcqsjr_bmq bc _hsqrc cq NSE = /-768 '/-558

� /-842( + qgl ck`_pem cl j_ dgesp_ 6a cj _hsqrc bcj kmbcjm MRNA2
j_ cdga gcla g_ bc N_qf,Ssrajgddc 'NSE( = /-760 '/-645 � /-817(+ jmq
kmbcjmq npmnscqrmq kscqrp_l sl _hsqrc bc `sclm _ ksw `sclm-

Aqgkgqkm cl j_q dgesp_q 6_+ 6` w 6a qc npcqclr_ jmq t_jmpcq bc j_
p_¡x bcj cppmp as_bp � rgam kcbgm 'RMSE( bc 07- 76$+ 07-85$ w
08-45$+ amlqgbcp� lbmqc jmq kmbcjmq ksw `sclmq-

<gR]fRTZ� _ UV ]`d ^`UV]`d UV ac`_ � deZT`

El cqr_ d_qc bc npsc`_ qc clrpce_ cj cp pmp pc_j amkcrgbm aml jmq
kmbcjmq qcjcaagml_bmq cl j_ d_qc bc t_jgb_ag£l-

Tabla 4. Evaluación de modelos

Modelo RMSE [%] NSE [%] ECMN [%] R2 [%]

MRNA5 18.87 88.0 11.8 88.2

MRNA2 18.96 87.9 11.9 88.1

MRNA3 19.56 87.1 12.7 87.3

Sc e¥l j_ r_`j_ 3+ qc kscqrp_ j_ amkn_p_a g£l bc jmq bgdcpclrcq

glbga_bmpcq bc ct_js_ag£l bc kmbcjmq+ cknjc_bmq n_p_ cj npml£qrgam
bc jmq a_sb_jcq kcbgmq kclqs_jcq bcj p¡m Ij_tc+ n_p_ jmq kmbcjmq
bc pcbcq lcspml_jcq _prgdgag_jcq qcjcaagml_bmq MRNA4+ MRNA1 w
MRNA2+ jmq t_jmpcq n_p_ j_ p_¡x bcj cppmp as_bp� rgam kcbgm 'RMSE(
kscqrp_l t_jmpcq bc 07-76$+ 07-85$ w 08-45$+ amlqgbcp � lbmqc
jmq kmbcjmq qcjcaagml_bmq ksw `sclmq- Mgclrp_q osc qce¥l j_
ct_js_ag£l bc j_ cdga gcla g_ bc N_qf 'NSE( kscqrp_ t_jmpcq bc

77-/$+ 76-8$ w 76-0$+ qce¥l j_ a j_q gdga_ag£l qc amlqgbcp_l bc
`sclm _ ksw `sclm n_p_ jmq kmbcjmq bc npml£qrgam- Sgl ck`_pem
qce¥l jmq glbga_bmpcq bc ct_js_ag£l amkm cq cj cppmp as_bp � rgam

kcbgm lmpk_jgx_bm 'ECMN( qc rgclc t_jmpcq bc 00-7$+ 00-8$ w

01-6$ pcqncargt_kclrc- Aqgkgqkm cj amcdga gclrc bc bcrcpkgl_ag£l
'R1( npcqclr_ t_jmpcq bc 77-1$+ 77-0$ w 76-2$ n_p_ j_ d_qc bc
npml£qrgam+ amppm`mp_lbmqc osc jmq kmbcjmq qcjcaagml_bmq rgclcl
sl `scl bcqcknc¢m-

;@J9LJ@FE<J

Eqn¡jbmp_ [j Wb( '0864(+ glbga_ osc cj amcdga gclrc bc bcrcpkgl_ag£l+
pcnpcqclr_ j_ dp_aa g£l bc t_pg_a g£ l bc j_ t_p g_` jc bcn clbgclrc
cvnjga_b_ nmp cj kmbcjm- El cj a_qm bc sl npcbga rmp ncpdcarm cj

/0 $ (''
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amcdgagclrc bc bcrcpkgl_ag£l 'R1 ( bc`gcp_ qcp 0 '£ 0// cvnpcq_bm
cl r� pkglmq bc nmpaclr_hc( - Sg qc m̀ rgclc t_jmpcq acpa_lmq _ j_

slgb_b qc rgclc sl kmbcjm _bcas_bm- P_p_ j_ t_jgb_a g£l bc a_sb_jcq
kcbgmq kclqs_jcq bcj p¡m Ij_tc aml _njga_ag£l bc kmbcjmq bc pcbcq
lcspml_jcq _prgdga g_jcq+ qc srgj gx_pml t_p g_`jcq bc clrp_b_ r_jcq amkm
npcagngr_a g£l w a_sb_j+ npcqclr_lbm amcdgagclrcq bc bcrcpkgl_ag£l
osc t_p¡_l bc 74-0$ _ 83$ n_p_ rmbmq jmq kmbcjmq+ pcqsjr_lbm jmq
k�q £nrgkmq _oscjjmq kmbcjmq�aml amcdgagclrc bc bcrcpkgl_ag£l

'R1( ges_j _ 83$ 'MRNA4( + 82-1$ 'MRNA1( w 77-0$ 'MRNA2( bc
_hsqrc pcqncargt_kclrc- L_osg '1/0/(+ cl qsq kmbcjmq bc npct gqg£l
bc a_sb_jcq kc bgmq+ srg j gx_ t_pg_` jc q bc clrp_b_ r _jcq amkm
npcagngr_a g£l+ ct_nmp_ag£l w bcqa_pe_q+ npcqclr_lbm amcdga gclrcq
bc bcrcpkgl_ag£l cl j_ d_qc bc t_jgb_a g£l bc rmbmq jmq kmbcjmq
clrpc 68$ w 74$ bc _hsqrc+ nmp mrpm j_bm r_k`g� l npcqclr_ j_

ct_js_ag£l bc kmbcjmq n_p_ j_ d_qc bc t_jgb_a g£l srg jgx_lbm amkm
clrp_b_q qmjm j_q t_pg_`jcq bc a_sb_jcq+ kmqrp_lbm pcqsjr_bmq bc
_hsqrc amknpclbgbmq clrpc 5/$ w 67$- Mgclrp_q osc cl j_ d _qc bc
npml£qrgam cj amcdgagclrc bc bcrcpkgl_ag£l kscqrp_ nmpaclr_hcq bc
_hsqrc bc 77-1$ 'MRNA4(+ 77-0$ 'MRN A1( w 76-2$ 'MRN A2(
pcqncargt_kclrc + bc cqr_ k_lc p_ jmq kmbc jm q qcjcaa gml_bmq

kscqrp_l `scl bcqcknc¢m+ pcqsjr_bmq qgkgj_pcq n_p_ cj npmlmqrgam
bc dcl£kclmq fgbpmj£egamq qml m`rclgbmq nmp 'Hgj jk_l [j Wb-+ 1//3+
B_p pg_ 1/0/+ Rmhm 1/00(; amppm`mp� lbmqc cl cj npcqclrc rp _̀ _hm bc
gltcqr ge_a g£ l o sc jmq km bcjm q nj_ lrc _bm q+ as knjcl c qr _q
a_p_arcp¡q rga_q n_p_ qcp dsla gmlcq _bcas_b_q n_p_ cj npml£qrgam bc
a_sb_jcq kcbgmq kclqs_jcq bcj p¡m Ij_tc-

El as_lrm _j glbga_bmp bc bcqcknc¢m bc cdgagclag_ bc N_qf,Ssra jgddc
'NSE( + j_ ct_js_a g£l bc jmq kmbcjmq �MRNA4+MRNA1+MRNA2 n_p_
cj npml£qrgam bc a_sb_jcq+ npcqclr_l cdgagclag_q bc 77-/$ + 76-8$
w 76-0$ pcqncargt_kclrc+ q gclbm sl a_jgdga_rgtm `sclm 'Rgrrcp w
Ms¢mx,C_pncl_+ 1/02( + qgkgj_pcq pcqsjr_b mq bc bcqcknc¢m bc

cdga gclag_ bc N_qf,Ssrajgddc qml m`rclgbmq nmp 'R_`glbp_ [j Wb-+ 1/0/( -
Dc j_ kgqk_ dmpk_ cl as_lrm _ r � pkglmq bc cppmp+ j_ p_¡x bcj cppmp
as_bp� rgam kcbgm 'RMSE(+ npcqclr_ t_jmpcq bc 07-76$ 'MRNA4( +
07-85$ 'MRNA1( w 08-45$ 'MRNA2( + amlqgbcp_bmq ksw `sclmq
qce¥l j_ aj_qgdga_a g£l 'Rgrrcp w Ms¢mx,C_pncl_+ 1/02(+ sl _jrm t_jmp
bc 'RMSE( eclcp_jkclrc glbga_ sl_ bcdga gcla g_ cl j_ eclcp_jgx_ag£l

bc j_ pcb bc`gbm _ sl_ k_j_ qcjcaag£l bcj l¥kcpm bc lcspml_q
masjr_q m sl npmacqm bc _npclbgx_hc b� `gj 'Dmjjgle w V_p_q+ 1//1( -
Aqgkgqkm qce¥l jmq glbga_bmpcq bc ct_js_a g£l amkm cq cj cppmp
as _bp� rgam kcbgm lmpk_jgx_bm 'ECMN( + qc rgclc osc n_ p_ jmq
kmbcjmq bc npmlmqrgam qcjcaagml_bmq qml bc 00-7$ 'MRNA4(+ 00-8$
'MRNA1( w 01-6$ 'MRNA2( pcqncargt_kclrc+ pcqsjr_bmq qgkgj_pcq

qml m`rclgbmq nmp 'B_pp g_+ 1/0/( cl qs gltcqrge_ag£l-

9FE9CL J@FE<J

Mcbg_lrc j_ npcqclrc gltcqrge_ag£l qc cqr_`jca gcpml /2 kmbcjmq bc
pcbcq lcspml_jcq _p rgdgag_jcq osc cqr� l cl dslag£l bc j_ npca gngr_ag£l

w cj a_sb_j jmq as_jcq ncpkgrcl npmlmqrga_p aml agcp r_ cv_argrsb w
npm`_`gj gb_b jmq a_sb_jcq kcbgmq kclqs_jcq bcj pgm Ij_tc+ cqrmq
kmbcjmq qml9 MRNA4 'Q

' r(
=d'P

'r (
; P

'r, 0(
; Q

' r,0(
; Q

'r, 1(
(( + MRNA1 'Q

' r(
=d'P

'r(
;

Q
' r,0 (

; Q
'r ,1(

((+ w cj kmbcjm MRNA2 'Q
'r(
=d'P

'r(
; Q

'r ,0(
; Q

'r ,1
( ; Q

'r, 2(
(+ jmq

kgqkmq o sc k scqrp_l sl c vacjclr c amkn mp r_kgc lrm _j qcp
ct_js_bmq aml jmq glbga_bmpcq+ _bck� q qc jmep_ pcnpmbsagp jmq

t_jmpcq ngamq m`qcpt_bmq bc j_ t_pg_ j̀c cl cqrsbgm+ nmp jm r_lrm qc
amlqgbcp_ osc cqr_ kcrmbmjme¡_ cq ksw cdga gclrc cl j_ cqrgk_ag£l
bc dcl£kclmq bc amknmpr_kgclrm lm jglc_j amkm qml jmq a_sb_jcq-

L_ srgj gx_a g£l bc j_q r �alga_q bc Ilrcjgeclag_ Ap rgdgag_j+ amkm cq j_
_njga_ag£l bc pcbcq lcspml_jcq _p rgdgag_jcq _j npml£qrgam bc a_sb_jcq

kcb gmq kclqs_jcq+ nscbc b_p jse_p _ sl_ lsct_ cr_n_ cl j_
n j_lgdga_a g£l w e cqrg£l bc jmq pcaspqm q f¡bp gamq cl asc la_q
fgbpmep� dga_q-

7>I7; <9@D@<EKFJ

A lscqrp_ Ajk_ M_r cp+ j_ Ulgtcpq gb_b N_agml_j bcj Ajrgnj_lm � Pslm+
_q¡ amkm lscqrpm _ep_bcagkgclrm _j Cmkgr� cbgrmp bc LA REVISTA
IN VESTIGAC IONES ALTOANDINAS RIA+ nmp j_ ns`jga_ag£l bcj
npcqclrc rp_`_hm bc gltcqrge_ag£l-

I<=<I<E9@7J 8@8C @F>I7=@97J

Ajcepc+ A- '1//2(- � Sgksj_ag£l bc Rcbcq Ncspml_jcq Aprgdga g_jcq�-
Tp_`_hm dgl_ j bc _njga_a g£l- Ul gtcpq gb_b N_agml_ j bcj
Nmpbcqrc- F_asjr_b bc Cgclag_q Ev_ ar_ q+ N_rsp_jcq w
Aep gkclqsp_- Cmppgclrcq � Apeclrgl_-

B_pp g_+ P- '1/0/(- � Ppml£qrgam bc a_sb_jcq kcbgmq kclqs_jcq cl

j_q ascla_q bc jmq p ¡mq B_icp w P_qas_�- Mckmpg_ n_p_
mnr_p cj r ¡rsjm bc gleclgc pm a gt g j - Ulgtcpq gb _b bc Cfgjc -
F_asjr_b bc Cgclag_q F¡q ga_q w M_rck� rga_q- S_lrg_em bc
Cfgjc-

Bcq_u+ L- E-+ Rgxxm+ D- M-+ Bgcpk_l+ P- R- w H_aicrr+ W- R- '1/0/(-
� Abt_lacq gl sle_ secb qr pc _kdjmu npc bga rgml s qgl e

_prgdga g_j lcsp_j lcrumpiq�- Jmspl_j md H wbpmjmew+ 275+ 16,
26-

Bgqfmn+ C- '0884(- � Ncsp_j Ncrumpiq dmp P_rrcpl Rcamelgr gml�-
Ovdmpb9 Cj_pclbml Ppcqq-

Bp_tm+ J- Jmpec+ P- w Dcncrp gq + C- '1//3(- � Urgj gx_a g£l bc slkmbcjm
bc pcbc q l cspml_jcq cl j_ m`rc la g£ l bc j_ as pt_ b c

bcqa_pe_ bc j_ m`p_ amlrpm j bcj p¡m Ncepm cl L_es l_
Bj_la_�- Ulgtcpqgb_b N_agml_j bcj N mpbcqrc- Cmpp gclrcq9
Apeclrgl_-

C _qrcjj_lm+ M- '1//8( - � M mbcjgx_a g£ l cqr_b ¡qr ga_ aml Rcb cq
Ncspml_jcq- An jga_bmq _ j_ H gb pmjmeg_+ Acpm` gm jme¡ _ w
Mmbcjgx_a g£l bc npmacqmq�- Tcqgq Dmarmp_j Ulgtcpqgb_bc

b_ Cmps¢_+ Dcn_pr_kclrm bc M_rck� rga_q- Cmps¢_-
D _qrmp_lg+ M-T- w Wpgefr+ N-G- '1//1( - � Ap rgdga g_j Ncsp_j Ncrumpi

B_qcb Rc_j,rgkc Rgtcp Fjmu Ppcbgargml+ gl rfc Ppmaccbgleq
md Hwbpmgldmpk_rgaq�-

D mjj gle+ O -R- w V_p_q E-A- '1//1(- � Aprgdga g_j lcsp_j lcrumpiq dmp
qrpc_kdjmu npcbga rgml�- Jmspl_j md Hwbp_sjga Rcqc_paf +

3/'4(9436,443-
D ¤jj gle+ O-R- w V_p_q+ E-A- '1///( - �Ppml£qrgam bc C_sb_jcq Ngt_jcq

Uq_lbm Rcbcq Ncspml_jcq Aprgdga g_jcq�- XIX Cmlepcqm
L_rglm_kcpga_lm bc Hgbp� sjga_- C£pbm`_9 Apeclrgl_-

Eqn ¡jbmp_+ B -+ Bpmul + E-+ C_` pc p_+ G - w I qc lqcc+ P- '086 4(-
� Ej ckc lr mq b c H gbpmjm e¡ _�- C clr pm b c R cas pq mq

Hgbp � sjgamq- Ulgtcpq gb_b bc C fgjc9 S_lrg_em-
H _qrgc+ T-+ Tg q̀fgp_lg+ R- w F pgcbk_l+ J- '1//7( - � Tfc Ejckclrq md

Sr_ rgq r ga_j Lc _plgl e�- D _r_ Mgl gle + I ld cpcl ac+ _l b
Ppcbga rgml- Scamlb Ebgrg£l- Sr_ldmpb C_jgdmplg_-

H gjcp_+ J- w M_pr ¡lcx+ V- '1///( - Rcbcq Ncspml_jcq Ap rgdgag_jcq-
Fslb_kclrmq+ kmbcjmq w _njga_a gmlcq- M_bp gb+ Eqn_¢_-

Ebgrmpg_j Ajd_mkce_-
Hgj jk_l+ G -+ D¤jj gle+ O-+ P_emr+ M-+ Pmxx g+ C- w Pjclamtgaf+ G- '1//3(-

� Anjga_ag£l bc pc bcq lcspml_jcq n_p_ cj npml£qrgam bc
ctmjsa g£l bc l gtcjcq b c _es_ n_p_ j_ j_esl_ bc k_p
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afgosgr_�- Mca� lga_ Cmknsr_agml_j- Vmj- XXIII- B_pg jmafc9
Apeclrgl_- 0134,0148-

Hs_le+ W-+ Mspp_w+ C-+ Kp_sq+ N- w R mq_rg+ J - '1//2( - � Dctcjmnkclr
md _ Rcegml_j Ncsp_j Ncrumpi Ppcbga rgml dmp Cm_qr_j W_rcp
Lctcj Ppcbgargml�- Oac_l Eleglccp gle+ 2/9 1164,1184-

J_gl+ S-K- w Cf_jgqe_mli_p+ D- '1///(- � Scrrgle Un Sr_ec Dgqaf_pec
Rcj_rgmlq Uqgle ANN�- Jmspl_j md Hwbpmjmega Eleglccpgle+
4'3( 9317,322-

L_osg+ F- '1/0/(- � Anjga_a g£l bc Rcbcq Ncspml_jcq Ap rgdgag_jcq _ j_
Mmbcjgx_ag£l w Ppct gqg£l bc C_sb_jcq Mcbgmq Mclqs_jcq
bcj Rgm Hs_la_l� �- Rctgq r_ Pcps_l_ Gcm,Arkmqd� pga_
RPGA+ SENAMHI � Pcp¥- '1( + 2/,33-

Lce_rcq+ D-R - w MaC _`c+ G -J- '088 8(- � Et_js_rgle rf c sqc md
{ {emmblcqq,md,¦r| | kc_qspcq gl fwbpmjmega _lb fwbpma jgk_rga

kmbcj t_jgb_rgml�- W_rcp Rcqmsp- Rcq- 24+ 122�130-
Lsh_lm+ E- '1/01(- � Ppml£qrgam bc a_sb_jcq kcbgmq kclqs_jcq bcj

p ¡m I j_tc s rg j gx_lb m km bcjm q bc pcb cq lcs pml_ jcq
_prgdgag_jcq�- Tcqgq bc Ppcep_bm- U lgtcpqgb_b N_agml_j bcj
Ajrgn j_ lm � Pslm- Eqas cj_ Ppmdc qgm l_j bc Ilec lgcp ¡_
Aep¡amj_-

N_qf+ J-E- w Ssrajgddc+ J-V- '086/(- � Rgtcp djmu dmpca_qrgle rfpmsef
amlacnrs_j kmbcjq�+ n_p r I9 A bgqasqqgml md npglagnjcq- 171,
18/-

M_qrcpq+ T- '0882(- � Pp_arga_j lcsp_j lcrumpiq pcagncq gl C* *�-
Lmlbml9 Aa_bckga Ppcqq-

MaCscl+ R-H-+ Klgefr+ Z- w Csrrcp+ A-G - '1//5(- �Et_js_rgml md rfc

N_qf Ssrajgddc Eddgagclaw Ilbcv�- J- Hwbpmj- Ele 00+ 486,
5/1-

P_rp gai+ A-R-+ Cmjj glq+ W-G-+ T gqqmr+ P-E-+ Dpgigrgq+ A-+ Src_plq J-+
Mgaf_sb+ P-R- w Cmv+ D-T- '1//1(- � Uqc md rfc NCEP
McqmEr _ D_ r_ gl _ W_rcp Lctcj Ppcbga rgle Ncsp_j
Ncrumpi�- Ppcqclrcb gl 08 rf Cmld- Ol uc_rfcpAl_jwq gq

_l b Fmpc a_qrgle.0 4 rf Cml d- ml Ns kcpga_j Wc _rfcp
Ppcbgargml-

R_`glbp_ K- P-+ Ngp_lh_l P- w Bgnj_` B- '1/0/(- � Sgksj_rgml md pgtcp
qr _ec s qgle _p rg dga g_ j lc sp_j lc ru mpi _ lb MIKE 00
fwbpmbwl_kga kmbcj�+ Cmknsrcpq % Gcmqagclacq+ Vmjskc
25+ Iqqsc 5+ P_ecq 624,634+ ISSN //87,2//3-

R grrcp+ A- w Ms¢mx,C_pncl_+ R- '1/02(- � Pcpdmpk_lac ct_js_rgml md
fwbpmjmega_j kmbcjq 9 Sr _rgq rga_j qgelgdga_lac dmp pcbsagle

qs`hcargt grw gl emmblcqq,md,dg r _qqcqqkclrq�+ Jmspl_j md
Hwbpmjmew+ Vmjskc 37/+ P_ecq 22,34+ ISSN //11,0583+
frrn9..bv-bmg-mpe.0/-0/05.h-hfwbpmj-1/01-01-//3-

Rmbp¡escx+ F- '1//7(- � Mmbcjm bc npml£qrgam bc a_sb_jcqcl apca gb_
cl rgcknm pc_j kcbg_lrc pcbcq lcspml_jcq _prgdga g_jcq n_p_
cj p ¡m M_gnm cl j_ pceg£l Mcrpmnmjgr_l_� - Tp_`_hm b c

rgrsj_ag£l- U lgtcpq gb_b bc S_lrg_em bc Cfgjc- F_asjr_b bc
Ileclgcp¡_-

Rmhm+ J - '1/00( - � Dcq_ppmjjm bc sl qgqrck_ cvncprm n_p_ j_ npcbgaa g£l
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