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The graduation research of student Nikita Kuznetsov deals with forecasting revenues 

from remarketing campaigns using BigQuery ML 

The work is interesting for marketing departments, data analysts, and companies 

involved in digital marketing 

Pages 46, tables 3, bibliog. 28 
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�%&'� 

' EGG4E=><G F<DD>6><G E6VFV D5<4D>5F<=7>6V >4<?4=VW EF4?< =56V49T<=>N 

G4EF<=>N <4D>5F<=7>6<E EFD4F57V=, E?DO<>64=<E =4 ?V46<M5==O ?>O?L=>EFV 

>?VT=FV6 F4 <4>E<<V74FVN 4>E>4V6 6V4 VE=GNG<E >>D<EFG64GV6. $5<4D>5F<=7 

4>76>?OT 74?GG4F< F<E, EF> 665 674T<>4VO6 V7 ?D>4G>F><, G5D57 ?5DE>=4?V7>64=V 

?D>?>7<FVW F4 D5>?4<G, M> 547GTFLEO =4 ?>?5D54=V= ?>654V=FV. �D>F5 >?NG>6<< 

D4>F>D>< GE?VEG F4><E >4<?4=V= T 5D5>F<6=4 >FV=>4 ?>6F>D=>7> 74?GG5==O 

FD4DV>G F4  F>G=VEFL ?D>7=>7G64==O ?>654V=>< >>D<EFG64GV6, 7>>D5<4 WE=L>W 

D54>FVW =4 <4D>5F<=7>6V EF<<G?< ?D>FO7>< FD<64?>7> G4EG, =4?D<>?44, 365 4=V6 

?VE?O 6EF4=>6?5==O 4>44F>G. �E=>6=4 ?D>5?5<4F<>4 ?>?O74T 6 F><G, M> 4?O 

=>6<E >>7>DF >>D<EFG64GV6, 6<7=4G5=<E 74 44F>N V=EF4?G, G4EF> 5D4>GT 

VEF>D<G=<E 44=<E, M> GE>?44=NT ?D>7=>7G64==O F5=45=FV= 4>E>4V6. 

&D44<FV==V <5F>4< ?D>7=>7G64==O LTV G4EF> 6<O6?ONFLEO =54>EF4F=L> 

5D5>F<6=<<< 74 6V4EGF=>EFV 4>EF4F=L>W >V?L>>EFV 44=<E. �4?D<>?44, =4O6=<= 

<5F>4 ?D>7=>7G64==O 74 4>?><>7>N ?4=FN7>6<E >>5DVFVT=FV6 4> 180 4=O 

6FD4G4T F>G=VEFL, O>M> 6V4EGF=V 4>EF4F=V 44=V 4?O 4=4?V7G, O> G =4L><G 

6<?44>G. &5 ?V4>D5E?NT ?>FD55G 6 V==>64FV==<E ?V4E>44E, O>V 744F=V 

74557?5G<F< ?D>7=>7>64=G >FV=>G FD4DV>G, 6D4E>6GNG< 4<=4<V>G 6<F>D7G 

>>7>DF V 4>76>?ONG< ?D>7=>7G64F< =4 FD<64?<= 7>D<7>=F ??4=G64==O. 

' FL><G >>=F5>EFV 6<>>D<EF4==O BigQuery ML, E<4D=>W ??4FD>D<< 

Google 4?O <4L<==>7> =46G4==O, 6V4>D<64T =>6V <>6?<6>EFV. BigQuery ML 

4>76>?OT EF6>DN64F< F4 =46G4F< <>45?V, 7>>D5<4 ARIMA, 557?>E5D54=L> 6 547V 

44=<E 74 4>?><>7>N SQL-74?<FV6, M> E?D>MGT V=F57D4FVN 4=4?VF<>< F4 

?D>7=>7G64==O. �>45?L ARIMA (Autoregressive Integrated Moving Average) T 

?>FG6=<< V=EFDG<5=F>< 4?O D>5>F< 7 G4E>6<<< DO44<<, >E>V?L>< 6D4E>6GT 

VEF>D<G=V >>5DVFVT=F< F4 744F=4 444?FG64F<EO 4> FD5=4V6 V E57>==>EFV. 

�D4>F<G=4 4>FV?L=VEFL FL>7> 4>E?V465==O ?>?O74T 6 D>7D>5FV 

V=EFDG<5=FG, O><= 4>?><>65 5V7=5EG >?F<<V7G64F< <4D>5F<=7>6V 5N465F< F4 
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?V46<M<F< ROI (Return on Investment). �4G>>64 4>FG4?L=VEFL >5G<>6?5=4 

=54>EF4F=L>N 6<6G5=VEFN <5F>4V6 ?D>7=>7G64==O G4E>6<E DO4V6 G >>=F5>EFV 

D5<4D>5F<=7G. �V4<V==VEFL ?D>?>=>64=>7> ?V4E>4G 6V4 6V4><<E ?>?O74T 6 

V=F57D4FVW <>45?V ARIMA 6 BigQuery ML V7 <5E4=V7<>< 46F><4F<G=>7> 

?5D5=46G4==O 74 4>?><>7>N SQL G D47V 6<O6?5==O 4=><4?L=> ?>74=<E 

?>>47=<>V6 ?D>7=>7G, M> 74557?5GGT 444?F<6=VEFL V F>G=VEFL. 

�59T>F F4 ?D54<5F 4>E?V465==O. �59T>F>< =4L>7> 4>E?V465==O T ?D>F5E 

?D>7=>7G64==O ?D>446V6 <4D>5F<=7>6<E >4<?4=V=, 4 ?D54<5F>< 3 <5F>4< F4 

4?7>D<F<< ?D>7=>7G64==O LTV, O>V 6<>>D<EF>6GNFL G4E>6V DO4< G E6>W 

F5E=VG=V= >E=>6V =4 547V E<4D=>7> E5D54>6<M4 BigQuery ML. 

�5F4 4>E?V465==O. $>7D>5<F< 5D5>F<6=<= <5F>4 ?D>7=>7G64==O 4>E>4V6 

6V4 D5<4D>5F<=7>6<E >4<?4=V= 4?O >>7>DF >>D<EFG64GV6 =4 365 45=L WE=>7> 

<6<FFO= =4 ?D>4G>FV  V7 6<>>D<EF4==O< <>45?V ARIMA 6 BigQuery ML.  

�4644==O 4>E?V465==O: 

1. �<6G<F< =4O6=<= <5F>4 ?D>7=>7G64==O D5<4D>5F<=7>6<E >4<?4=V= 4> 

180 4=O <6<FFO= >>7>DF<. 

2. �D>4=4?V7G64F< <>6?<6VEFL 74EF>EG64==O ?D>7=>7=<E G4E>6<E DO4V6, 

7>>D5<4 <>45?V ARIMA, 6 >>=F5>EFV <4D>5F<=7>6<E 7444G. 

3. �<O6<F< ?4D4<5FD< 74 4>?><>7>N, O><E <>6=4 6<7=4G4F< 5D5>F<6=VEFL 

<>45?V ARIMA PLUS 6 E<4D=><G E5D54>6<MV BigQuery ML.  

4. $>7D>5<F< E<EF5<=<= 4?7>D<F< 46F><4F<G=>7> ?5D5=46G4==O <>45?V G 

BigQuery G D47V 6<O6?5==O 4=><4?L=> ?>74=<E ?>>47=<>V6. 

5. �FV=<F< 5D5>F<6=VEFL D>7D>5?5=>7> <5F>4G =4 D54?L=<E 44=<E V 

?>DV6=OF< =>7> 7 VE=GNG<<< ?V4E>44<<.  

�5F>4< 4>E?V465==O. �?O 6<>>=4==O 4>E?V465==O 5G?< 74EF>E>64=V F4>V 

<5F>4<, O>: F5>D5F<G=<= 4=4?V7, EF4F<EF<G=<= 4=4?V7, 5>>=><V>>-<4F5<4F<G=5 

<>45?N64==O, ?D>7D4<G64==O F4 5>E?5D<<5=F4?L=<= 4=4?V7.  

%FG?V=L =>6<7=< D>5>F<.  �4G>>64 =>6<7=4 ?>?O74T 6 D>7D>5FV =>6>7> 
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<5F>4G ?D>7=>7G64==O 4>E>4V6 6V4 D5<4D>5F<=7>6<E >4<?4=V= V7 

6<>>D<EF4==O< <>45?V ARIMA 6 BigQuery ML, O><= 6D4E>6GT E?5F<DV>G 

D5>?4<=<E <5D56 V 444?FGTFLEO 4> 7<V= G 44=<E G5D57 46F><4F<G=5 

?5D5=46G4==O. � ?D4>F<G=4 =>6<7=4 ?>?O74T 6 EF6>D5==V V=EFDG<5=FG 4?O 

<4D>5F<=7>6<E 6V44V?V6, O><= 74557?5GGT ?V4FD<<>G G ?D<==OFFV EFD4F57VG=<E 

DVL5=L M>4> ??4=G64==O D5<4D>5F<=7>6<E >4<?4=V= =4 FD<64?<= 7>D<7>=F, M> 

?5D56<MGT >5EO7 4>EFG?=<E VEF>D<G=<E 44=<E. �V4<V==VEFL 6V4 6V4><<E 

D57G?LF4FV6 ?>?O74T 6 V=F57D4FVW G4E>6<E DO4V6 V <4L<==>7> =46G4==O 6 T4<=V= 

??4FD>D<V BigQuery ML, 4 F4>>6 G 6?D>64465==V 444?F<6=>7> <5E4=V7<G 

?5D5=46G4==O, M> =5 D54?V7>6G646EO D4=VL5. 

�65D5?4 V=D>D<4FVW. �E=>6=<<< 465D5?4 4?O 44=>7> 4>E?V465==O 

E?G7GNFL 6=GFDVL=V 44=V >><?4=VW F4 4>>G<5=F4FVO BigQuery ML ?V47>F>6?5=4 

>><?4=VTN  Google.  

%FDG>FGD4 D>5>F<.  &O 4>E?V4=<FL>4 D>5>F4 E>?444TFLEO 7 6EFG?G, FDL>E 

D>74V?V6, 6<E=>6>V6 F4 E?<E>G 6<>>D<EF4=<E 465D5?. �>65= D>74V? <VEF<FL 

6E55VG=<= 4=4?V7 F5<< 4>E?V465==O F4 E?D<OT 7474?L=><G D>7G<V==N 

?D>5?5<<. 
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$����� 1. &��$�&�'�� ������%&� �$� �$�����'����/ LTV � 

��$��&������% �������/% 

1.1. $>7>D<FFO ?>=OFFO LTV G >>=F5>EFV 5>>=><VG=>W ?D>5?5<4F<>< 

' EGG4E=><G 5V7=5E-E5D54>6<MV >>=>GD5=FVO 74 G647G E?>6<64GV6 4>EO7?4 

557?D5F545=F=<E <4ELF45V6. �><?4=VW 7<GL5=V LG>4F< =>6V E?>E>5< 

>?F<<V74FVW E6>WE <4D>5F<=7>6<E EFD4F57V=, M>5 74?<L4F<EO 

>>=>GD5=F>E?D><>6=<<<. �4=<< V7 >?NG>6<E V=EFDG<5=FV6 G FL><G ?D>F5EV T 

Lifetime Value (LTV) 3 <5FD<>4, O>4 6V4>5D464T 7474?L=<= 4>EV4, O><= 

>><?4=VO <>65 >FD<<4F< 6V4 >?VT=F4 ?D>FO7>< GEL>7> G4EG =>7> 674T<>4VW 7 

?D>4G>F>< G< ?>E?G7>N. LTV =5 ?D>EF> ?>>47GT ?D<5GF>>6VEFL >?VT=F4, 4 = 

E?G7GT >E=>6>N 4?O EFD4F57VG=>7> ??4=G64==O, D>7?>4V?G <4D>5F<=7>6<E 

5N465FV6, D>7D>5>< ?D>7D4< ?>O?L=>EFV F4 GFD<<4==O >?VT=FV6. 

�D>7=>7G64==O LTV =4 FD<64?<= ?5DV>4, 7>>D5<4 =4 365 4=V6, T >E>5?<6> 

4>FG4?L=<< G ED5DV D5<4D>5F<=7G. $5<4D>5F<=7 ?5D5454G4T ?>6F>D=5 

74?GG5==O >?VT=FV6, O>V 665 674T<>4VO?< 7 ?D>4G>F><, G5D57 ?5DE>=4?V7>64=V 

?D>?>7<FVW F4 D5>?4<G. &>G=5 ?D>7=>7G64==O LTV G FL><G >>=F5>EFV 4>76>?OT:  

 �?F<<V7G64F< <4D>5F<=7>6V 5N465F<. �><?4=VW <>6GFL 74744?57V4L 

??4=G64F< 6<FD4F<, >DVT=FGNG<EL =4 >GV>G64=<= 4>EV4 6V4 >?VT=FV6, V 

G=<>4F< =44<VD=<E V=65EF<FV= G >4<?4=VW 7 =<7L><< ?>F5=FV4?><. 

�4?D<>?44, O>M> ?D>7=>7 ?>>47GT, M> ?56=4 >>7>DF4 >?VT=FV6 ?D<=5E5 ?<L5 

10% 6V4 7474?L=>7> 4>E>4G, >><?4=VO <>65 ?5D5=4?D46<F< D5EGDE< =4 

5V?LL ?D<5GF>>6V E57<5=F<. 

 �>>D4M<F< GFD<<4==O >?VT=FV6. $>7G<V==O 4>67>EFD>>>6>W FV==>EFV >?VT=F4 

4>?><474T D>7D>5?OF< EFD4F57VW 4?O ?V46<M5==O ?>O?L=>EFV, F4>V O> 7=<6>< 

G< ?5DE>=4?V7>64=V ?D>?>7<FVW, M> EF<<G?NNFL ?>6F>D=V ?>>G?><. 

 �V46<M<F< 5D5>F<6=VEFL EFD4F57VG=>7> ??4=G64==O. &>G=V ?D>7=>7< LTV 

44NFL <>6?<6VEFL ?D<=<4F< DVL5==O =4 >E=>6V 44=<E, 4 =5 V=FGWFVW, M> T 
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>D<F<G=> 646?<6<< G =5EF45V?L=<E D<=>>6<E G<>64E, >>?< 5>>=><VG=V 

D4>F>D< <>6GFL L6<4>> 7<V=N64F<EO. 

�>>=><VG=4 ?D>5?5<4 ?>?O74T 6 F><G, M> 5474F> >><?4=V= 4>EV 

6<>>D<EF>6GNFL >>D>F>>EFD>>>6V ?V4E>4< 4> >FV=>< 5D5>F<6=>EFV 

<4D>5F<=7>6<E >4<?4=V=. &5 ?D<76>4<FL 4> =54>>FV=>< 4>67>EFD>>>6>7> 

?>F5=FV4?G >?VT=FV6. ' D5<4D>5F<=7G, 45 ?>654V=>4 >?VT=FV6 T 4<=4<VG=>N, 4 

44F< ?>65D=5==O ??4F=<>V6 <>6GFL 64DVN64F<EO 6V4 >V?L>>E 4=V6 4> >V?L>>E 

<VEOFV6, 6V4EGF=VEFL F>G=>7> ?D>7=>7G LTV =4 4>67>EFD>>>6<= ?5DV>4 <>65 

E?D<G<=<F< =55D5>F<6=<= D>7?>4V? D5EGDEV6 V 6FD4FG ?D<5GF>G. �4?D<>?44, 

O>M> >><?4=VO 6<FD4G4T 7=4G=V >>LF< =4 74?GG5==O =>6<E >?VT=FV6, =5 

6D4E>6GNG<, M> VE=GNGV >?VT=F< 7 6<E>><< LTV <>6GFL ?D<=5EF< 5V?LL<= 

4>EV4 74 <5=L<E 6<FD4F, 6>=4 6FD4G4T <>6?<6>EFV 4?O 7D>EF4==O. 

�?O F>G=>7> >5G<E?5==O F4 >?F<<V74FVW LTV G >>=F5>EFV ?D>4G>FV6 IT 

=5>5EV4=> 765D=GF<EO 4> N=VF-5>>=><V>< 3 4=4?V7G DV=4=E>6<E <5FD<> =4 DV6=V 

>>D5<>7> >>D<EFG64G4. &5 4>76>?OT >FV=<F< EFV=>VEFL 5V7=5E-<>45?V F4 

7D>7G<VF<, O> >?NG>6V ?>>47=<>< 6??<64NFL =4 LTV. �E=>6=V <5FD<>< N=VF-

5>>=><V>< 6>?NG4NFL: 

 Cost of Acquisition (CAC): �<FD4F< =4 74?GG5==O =>6>7> >?VT=F4. 

 Average Revenue Per User (ARPU): %5D54=V= 4>EV4 6V4 >4=>7> >>D<EFG64G4 

74 ?56=<= ?5DV>4. 

 Retention Rate: �V4E>F>> >>D<EFG64GV6, O>V ?D>4>66GNFL 674T<>4VOF< 7 

?D>4G>F><. 

 Churn Rate: �V4E>F>> >>D<EFG64GV6, O>V ?D<?<=ONFL >>D<EFG64F<EO 

?D>4G>F><. 

&V <5FD<>< 557?>E5D54=L> ?>69O74=V 7 LTV. �4?D<>?44, LTV <>6=4 

D>7D4EG64F< 74 D>D<G?>N: 

��� = �����/���	���� 
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&O D>D<G?4 45<>=EFDGT, O> 7D>EF4==O ARPU 45> 7=<65==O Churn rate 

<>6GFL EGFFT6> 75V?LL<F< LTV. �V4?>6V4=>, =46VFL =57=4G=V 7<V=< 6 F<E 

<5FD<>4E <>6GFL <4F< <4ELF45=<= 6??<6 =4 7474?L=G ?D<5GF>>6VEFL 5V7=5EG. 

&5 ?V4>D5E?NT 646?<6VEFL ?>EFV==>7> <>=VF>D<=7G >?NG>6<E ?>>47=<>V6 F4 

64>E>>=4?5==O >>D<EFG64FL>>7> 4>E6V4G 4?O ?V46<M5==O ?>O?L=>EFV >?VT=FV6. 

' D57G?LF4FV, F>G=5 D>7G<V==O EFDG>FGD< LTV V =>7> 4D4=65DV6 44T 7<>7G 

5D5>F<6=VL5 ??4=G64F< <4D>5F<=7>6V 5N465F<, ?V46<MG64F< D5=F455?L=VEFL 

V=65EF<FV= F4 74557?5GG64F< EF4?<= D>76<F>> ?D>4G>FG. 

&4><< G<=><, ?>FD554 G ?D>7=>7G64==V LTV =4 4>EF4F=L> 65?<>G >V?L>VEFL 

4=V6 (=4?D<>?44 =4 365 4=V6, O> 6 =4L><G 6<?44>G)  7G<>6?5=4 =5>5EV4=VEFN 

5V?LL �DG=F>6=>7> ?V4E>4G 4> ?D<==OFFO DVL5=L G <4D>5F<=7G. &5 6<<474T 

D>7D>5>< =>6<E <5F>4V6 V ?V4E>4V6, O>V 5G4GFL 444?F>64=V 4> E?5F<DV>< 

D5<4D>5F<=7G F4 6D4E>6G64F<<GFL =>7> G=V>4?L=V >E>5?<6>EFV. 

 

1.2. �5F>4< ?D>7=>7G64==O LTV 

�E=GT 45>V?L>4 D>D<G? >5D4EG=>G LTV, 4?5 >?4E<G=4 D>D<G?4 =4 O>V= 

547GNFLEO >E=>6=V <5F>4< ?D>7=>7G64==O <4T F4><= 6<7?O4:  ��� = ���� 7 ��������	�������� 

45 ARPU 4 E5D54=V= 4>EV4, O><= >?VT=F ?D<=>E<FL 74 >4<=<FN G4EG 

(=4?D<>?44, <VEOFL 45> 45=L); Customer lifetime 4 E5D54=O FD<64?VEFL 6<FFO 

>?VT=F4 6 ?5DV>44E (=4?D<>?44, G <VEOFOE 45> 4=OE), F>5F> G4E, ?D>FO7>< O>>7> 

>?VT=F 74?<L4TFLEO 4>F<6=<<.  �<>>D<EF>6GNG< FN D>D<G?G, <>6=4 4>6>?V 

?D>EF> E?D>7=>7G64F< ?D<5GF>>, O><= >?VT=F ?D<=5E5 74 >5D4=<= ?5DV>4 

6<FFT6>7> F<>?G, 74 G<>6< EF4?>7> ARPU. 

�D>F5 4?O ?D>7=>7G64==O LTV =4 <4=5GF=V ?5DV>4< FV 547>6V D>D<G?< 

<>6GFL 5GF< =54>EF4F=V<< 4 6>=< =5 6D4E>6GNFL E57>==VEFL, 7<V=G ?>654V=>< 

>?VT=FV6, 4E<<5FDVN 6 D>7?>4V?V 4>E>4V6 45> G4E>6G 6V4>?445=VEFL G 6<F>D7V. 

&><G G ?D4>F<FV 74EF>E>6GNFLEO 5V?LL 7=GG>V ?V4E>4<. �E=GT >V?L>4 >E=>6=<E 
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<5F>4V6 ?D>7=>7G64==O LTV, >>65= V7 O><E <4T E6>W ?5D5647<, >5<565==O F4 

?D<44F=VEFL 74?56=> 6V4 F<?G 5V7=5EG, EFDG>FGD< 44=<E F4 FV?5= 4=4?VF<><. 

�4<= V7 =4=?D>EFVL<E V 6>4=>G4E L<D>>> 6<>>D<EF>6G64=<E ?V4E>4V6 4 

F5 <5F>4 ?4=FN7>6<E >>5DVFVT=FV6. �>7> EGFL ?>?O74T 6 F><G, M>5 D>77?O=GF< 

4>E>4< >>7>DF (7DG? >>D<EFG64GV6, O>V 74D5TEFDG64?<EO 6 >4<= 45=L 45> ?5DV>4) 

74 DV>E>64=V G4E>6V V=F5D64?<: 3, 7, 14, 30, 60, 90, 180 4=V6 F>M>. �4 >E=>6V F<E 

?5DV>4V6 5G4GNFLEO E?V66V4=>L5==O (>>5DVFVT=F< ?D<D>EFG 4>E>4G), O>V ?>FV< 

5>EFD4?>?NNFLEO =4 4>6L<= 7>D<7>=F, =4?D<>?44, 365 4=V6. 

�?7>D<F< <5F>4G 6>?NG4T F4>V 5F4?<: 

1. �5VD 44=<E: DV>EGTFLEO >G<G?OF<6=<= 6<F>D7 ?> >>6=V= >>7>DFV 74 

747=4G5=V G4E>6V 6V>=4 (=4?D<>?44, =4 3-=, 7-=, 14-= 45=L F>M>). 

2. $>7D4EG=>> ?4=FN7>6<E >>5DVFVT=FV6 ?D<D>EFG 4>E>4G <V6 ?5DV>44<<. 

3. �>EFD4?>?OFVO =4 FD<64?VL<= ?5DV>4. />M> 6V4><<= 6<F>D7 =4 45=L 3, 

<>6=4 >FD<<4F< ?D>7=>7 =4 365 45=L O>: ���!"# = �<F>D7! 7 �$ 7 �%& 7 & 7 �!"# 

45 k F5 ?D<D>EF< 4>E>4G <V6 ?5DV>44<<.  

&5= <5F>4 4>76>?OT EF6>D<F< 4>E<FL =4>G=G V L6<4>G <>45?L 4?O 

??4=G64==O. �V= G4EF> 6<>>D<EF>6GTFLEO G ?D>4G>F>6V= 4=4?VF<FV, >E>5?<6> =4 

D4==VE 5F4?4E, >>?< M5 =5<4T 7?<5>><E 4=4?VF<G=<E D5EGDEV6. �E=>6=>N 

?5D5647>N T ?D>EF>F4 D54?V74FVW F4 7D>7G<V?VEFL 4?O 5V7=5E->>D<EFG64GV6. �D>F5 

T = >5<565==O 4 <5F>4 4>5D5 ?D4FNT ?<L5 ?D< =4O6=>EFV EF45V?L=<E 

VEF>D<G=<E 44=<E V D57G?OD=V= ?>654V=FV >?VT=FV6. ' 6<?44>G DV7><E 7<V= G 

<4D>5F<=7>6<E >4=4?4E, ?>654V=>>6<E ?4F5D=4E G< E57>==>EFV, F>G=VEFL 7=4G=> 

7=<6GTFLEO.   

�V?LL <4F5<4F<G=> >5�DG=F>64=<< ?V4E>4>< T <>45?L 7 6<>>D<EF4==O< 

Beta F4 Gamma D>7?>4V?V6, F4>>6 6V4><4 O> BG/NBD-<>45?L (Beta-

Geometric/Negative Binomial Distribution). �?5DL5 74?D>?>=>64=4 Fader & 

Hardie G 2005 D>FV, FO <>45?L L<D>>> 6<>>D<EF>6GTFLEO G FD4=74>FV==<E 



12 
 

5V7=5E4E (D>74DV5, e-commerce), 45 >>65= >?VT=F <>65 74V=E=N64F< 5474F> 

?>>G?>> G?D>4>66 6<FFT6>7> F<>?G. 

%GFL <5F>4G ?>?O74T 6 <>45?N64==V 46>E >><?>=5=FV6 ?>654V=>< >?VT=F4: 

 '4EF>F4 FD4=74>FV= (O> G4EF> >?VT=F 74V=E=NT ?>>G?><) 4 >?<EGTFLEO 

75><5FD<G=<< D>7?>4V?>< 7 ?4D4<5FD4<< Beta. 

 $>7<VD FD4=74>FVW 4 >?<EGTFLEO 74<<4-D>7?>4V?>< (Gamma), M> 4>76>?OT 

>FV=<F< E5D54=V= 4>EV4 6V4 >>6=>W ?>>G?><. 

$>D<4?L=> <>45?L <>6=4 ?D54EF46<F< F4>:  �(�) = ����(�, �) 7 �����(�, �) 
45: �,� 4 ?4D4<5FD<, M> 6V4?>6V44NFL 74 G4EF>FG 674T<>4V=; �,� 4 ?4D4<5FD< 

74<<4-D>7?>4V?G, O>V 6<7=4G4NFL E5D54=V= 4>EV4 7 FD4=74>FVW.  

&O <>45?L 4>76>?OT ?D>7=>7G64F< O> =<>6VD=VEFL 4>F<6=>EFV >?VT=F4 6 

<4=5GF=L><G, F4> V E5D54=N 64DFVEFL >>6=>7> >>=F4>FG 7 =<<, M> D>5<FL WW 

>E>5?<6> >>D<E=>N 4?O >FV=>< LTV G 4<=4<VFV. �4?D<>?44, >><?4=VO <>65 

74744?57V4L 6<7=4G<F<, 7 O>>N =<>6VD=VEFN >?VT=F 5G45 4>F<6=<= G5D57 90 45> 

180 4=V6 V O><= 4>EV4 6V= ?>F5=FV==> <>65 ?D<=5EF<. �D>F5 4?O 

D5<4D>5F<=7>6<E EF5=4DVW6, 45 >?VT=F< <>6GFL ?>65DF4F<EO ?VE?O 4>67<E ?4G7 

45> <4NFL >4<=<G=V 674T<>4VW, <>45?L <>65 6FD4G4F< F>G=VEFL. &4>>6 6>=4 

?>FD55GT D5F5?L=>7> >4?V5DG64==O, 4=4?V7G D>7?>4V?V6 F4 =4O6=>EFV 7=4G=>7> 

>5EO7G 44=<E 4?O 445>64F=>W ?>5G4>6<. 

 

1.3. �<>?<>< D5<4D>5F<=7G F4 ?>FD55< 6 =>6<E, 444?F<6=<E ?V4E>44E 

%GG4E=<= F<DD>6<= <4D>5F<=7 ?5D56<64T D47G L6<4>>W FD4=ED>D<4FVW, 

E?D<G<=5=>W V=F5=E<6=<< D>76<F>>< F5E=>?>7V=, 7<V=>N ?>654V=>< 

E?>6<64GV6 V ?V46<M5=>N >>=>GD5=FVTN =4 D<=>G. �4=<< V7 =4=5V?LL 

4<=4<VG=<E =4?DO<V6 G FL><G >>=F5>EFV 6<EFG?4T D5<4D>5F<=7. � G<>64E 

EFDV<>>W 7<V=< ?5D5647 E?>6<64GV6 V DD47<5=F4FVW D<=>G, D5<4D>5F<=7>6V 
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>4<?4=VW ?>FD55GNFL =4476<G4==> F>G=>7> D>7G<V==O >>D<EFG64FL>>W 

?>654V=>< F4 744F=>EFV 4> >?5D4F<6=>W 444?F4FVW <4D>5F<=7>6<E EFD4F57V=. 

%4<5 F><G 4>FG4?L=<< T 6?D>64465==O 444?F<6=<E <5F>4V6 4=4?V7G F4 

?D>7=>7G64==O, O>V 6D4E>6GNFL E>?44=G 5>>=><VG=G 4<=4<V>G FL>7> ?D>F5EG. 

�4=VTN 7 7>?>6=<E ?D>5?5<, 7 O><<< EF<>4TFLEO 5V7=5E G ED5DV 

D5<4D>5F<=7G, T ?D>7=>7G64==O lifetime value. �5?D46<?L=4 >FV=>4 FL>7> 

?>>47=<>4 <>65 ?D<765EF< 4> E<EF5<4F<G=<E =5>?F<<4?L=<E ?5D56<FD4F 

5N465FG, =5>>D5>F=<E ?D<==OF<E DVL5=L F4 DV=4=E>6<E =574D474V6 G >><?4=VW. 

' >?4E<G=<E ?V4E>44E, F4><E O> <5F>4 ?4=FN7>6<E >>5DVFVT=FV6 45> <>45?L 

BG/NBD (Beta-Geometric/Negative Binomial Distribution), ?D>7=>7G64==O 

�DG=FGTFLEO =4 ?D<?GM5==V ?D> EF4?VEFL ?>654V=>>6<E ?4F5D=V6 >>D<EFG64GV6 V 

?>EFV==VEFL D<=>>6<E G<>6. �D>F5 D54?L=4 E<FG4FVO 7=4G=> E>?44=VL4: 

>>D<EFG64GV <>5V?L=<E 4>44F>V6 45<>=EFDGNFL DV7=G G4EF>FG 6<>>D<EF4==O, 

=5D57G?OD=V L45?>=< FD4=74>FV=, DV7><= E?44 4>F<6=>EFV ?VE?O 6EF4=>6?5==O 

74EF>EG=>G, 4 F4>>6 7=4G=G D54>FVN =4 7>6=VL=V ?>4VW (7<V=< G FV=V D5>?4<<, 

E57>==V D4>F>D<, >D<7<, 7<V=< 6 5>>E<EF5<V App Store/Google Play F>M>). 

�>>=><VG=4 ?D<D>44 FVTW ?D>5?5<4F<>< ?>?O74T G F><G, M> >><?4=VW, O>V 

V=65EFGNFL G D5<4D>5F<=7, D4>F<G=> ?D<=<4NFL V=65EF<FV==5 DVL5==O V7 

74FD<<>>N 5D5>FG. &5 >7=4G4T, M> 6>?445=V >>LF< 6<O6?ONFL E6>N 

5>>=><VG=G D57G?LF4F<6=VEFL ?<L5 7 G4E><, V E4<5 F><G ?D>7=>7 LTV T 

E6>TDV4=<< 4=4?VF<G=<< 4=4?>7>< >FV=>< ?D<5GF>>6>EFV V=65EF<FV==>7> 

?D>5>FG. �><<?>< G ?D>7=>7G64==V LTV 5>6V64?5=F=V =5?D46<?L=<< >FV=>4< 

G<EF>W F5?5DVL=L>W 64DF>EFV 45> 6=GFDVL=L>W =>D<< D5=F455?L=>EFV G 

DV=4=E>6><G 4=4?V7V. ' F4>><G 6<?44>G 65EL D5<4D>5F<=7>6<= ?D>F5E 

?5D5F6>DNTFLEO =4 6<E>>>D<7<>>6G 4VO?L=VEFL V7 =5?5D5454GG64=<<< 

DV=4=E>6<<< =4E?V4>4<<. 

�DV< F>7>, ?D>5?5<4 GE>?44=NTFLEO M5 = F<<, M> 76<G=V <5F>4< =5 744F=V 

444?FG64F<EO 4> =>6<E 44=<E G D56<<V D54?L=>7> G4EG. ' 4<=4<VG=<E 
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D<=>>6<E G<>64E, 45 ?>654V=>4 >>D<EFG64GV6 <>65 7<V=N64F<EO M>F<6=O 45> 

=46VFL M>4=O, =5>5EV4=> 6<>>D<EF>6G64F< <>45?V, O>V <>6GFL 46F><4F<G=> 

6D4E>6G64F< FV 7<V=<. �44?F<6=V ?V4E>4<, O>V 547GNFLEO =4 4?7>D<F<4E 

<4L<==>7> =46G4==O, F4><E O> D57D5EV==V <>45?V, 45D564 DVL5=L, 7D44VT=F=<= 

5GEF<=7 45> =5=D>==V <5D56V, 744F=V 5G4G64F< ?D>7=>7< 7 GD4EG64==O< 65?<>>W 

>V?L>>EFV 7<V==<E V 5474F>6<<VD=<E 74?56=>EF5=. &4>V <>45?V 45<>=EFDGNFL 

7=GG>VEFL G 6D4EG64==V =>6<E ?4F5D=V6 674T<>4VW >>D<EFG64GV6 V7 4>44F>><, 

7<V=< >4=4?V6 FD4DV>G, O>>EFV D5<4D>5F<=7>6<E >D54F<6V6, D54>FVW =4 FV=>6V 

EF<<G?< F>M>. 

�4=4>, 74EF>EG64==O 6<M5747=4G5=<E 4?7>D<F<V6 F4>>6 <4T ?56=V 

>5<565==O. �>=< ?>FD55GNFL 7?<5>>>7> F5E=VG=>7> EG?D>6>4G, ?>FG6=<E 

>5G<E?N64?L=<E D5EGDEV6 V E?5FV4?V7>64=<E 7=4=L G 74?G7V Data Science. �> 

F>7> 6, D57G?LF4F<6=VEFL E>?44=<E <>45?5= G4EF> 7=<6GTFLEO 6 G<>64E 

=5EF45V?L=>W 45> =54>EF4F=L>W 6<5VD><, 4 V=F5D?D5F>64=VEFL D57G?LF4FV6 <>65 

5GF< >5<565=>N. ' E6>N G5D7G, <>45?V G4E>6<E DO4V6, 7>>D5<4 ARIMA 

(AutoRegressive Integrated Moving Average), 74?<L4NFLEO 4VT6<< >><?D><VE>< 

<V6 F>G=VEFN, 444?F<6=VEFN F4 ?>OE=N64=VEFN D57G?LF4FV6. �>=< 4>5D5 

?V4E>4OFL 4?O 6<?44>V6, >>?< <5F4 ?>?O74T G ?>5G4>6V ?D>7=>EF<G=<E <>45?5= 

V7 E5D54=L>- F4 4>67>EFD>>>6<< 7>D<7>=F><, =4?D<>?44, 365 4=V6 LTV, O> G FV= 

D>5>FV. 

�E>5?<6G G647G 64DF> 765D=GF< =4 5>>=><VG=V 6<>?<><, ?>69O74=V 7 

F>G=VEFN ?D>7=>7V6 G ?5DV>44E 7D>EF4NG>W D<=>>6>W =5EF45V?L=>EFV. 

�4?D<>?44, >>?<64==O >GDEG 64?NF, 75V?LL5==O 6<FD4F =4 F<DD>6G D5>?4<G 

45> 7<V=< 6 74>>=>446EF6V M>4> 74E<EFG ?5DE>=4?L=<E 44=<E 557?>E5D54=L> 

6??<64NFL =4 64DFVEFL D5<4D>5F<=7G F4 >>=65DEVW. � G<>64E F4><E D<7<>V6 

EFD4F57VG=4 444?F4FVO 3 F>5F> 744F=VEFL 4=4?VF<G=>W E<EF5<< L6<4>> 

?V4?4LF>6G64F<EO ?V4 =>6G 5>>=><VG=G D54?L=VEFL 3 EF4T >D<F<G=> 646?<6>N. 

�>45?V, O>V <4NFL <>6?<6VEFL 46F><4F<G=>7> ?5D5=46G4==O, 4>76>?ONFL 
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G=<>=GF< 5D5>FG «EF4DV==O» ?D>7=>7V6 V 755DV74F< WE 4>FG4?L=VEFL =46VFL ?D< 

D44<>4?L=<E 7<V=4E G ?>654V=FV >>D<EFG64GV6. 

' >>=F5>EFV 44=>7> 4>E?V465==O 6<>>D<EF4==O ARIMA-<>45?V G 

E5D54>6<MV BigQuery ML 6<7?O44T >5�DG=F>64=<< 6<5>D>< 7 >V?L>>E ?D<G<=. 

�>-?5DL5, FO <>45?L 4>5D5 74D5>><5=4G64?4 E555 6 G<>64E >5<565=>W VEF>DVW 

E?>EF5D565=L V 4>76>?OT ?D>6>4<F< ?D>7=>7G64==O 7 GD4EG64==O< E57>==<E 

>>?<64=L F4 FD5=4>6<E 7<V=. �>-4DG75, V=F57D4FVO 7 BigQuery ML 6V4>D<64T 

<>6?<6VEFL D>5>F< 7 65?<><<< <4E<64<< 44=<E 557 =5>5EV4=>EFV 7464=F465==O 

WE G 7>6=VL=T E5D54>6<M5, M> 5>>=><<FL D5EGDE< F4 ?D<L6<4LGT 4=4?VF<G=<= 

F<>?. �>-FD5FT, <>6?<6VEFL 65G4>64=>7> 46F><4F<G=>7> >=>6?5==O <>45?5= 

74557?5GGT 7=GG>VEFL F4 444?F<6=VEFL 557 ?>EFV==>7> 74?GG5==O V=65=5DV6 45> 

4=4?VF<>V6. 

�F65, EGG4E=V 6<>?<>< D5<4D>5F<=7G 7G<>6?NNFL =5>5EV4=VEFL 6V4<>6< 

6V4 EF4F<G=<E, G=V65DE4?L=<E ?V4E>4V6 4> ?D>7=>7G64==O >>D<EFG64FL>>W 

FV==>EFV F4 ?5D5E>4G 4> 444?F<6=<E, 4<=4<VG=<E E<EF5<, O>V 547GNFLEO =4 

<>45?N64==V G4E>6<E DO4V6 F4 V=F57D4FVW 7 E<4D=<<< >5G<E?N64?L=<<< 

E5D54>6<M4<<. �>>=><VG=4 5D5>F<6=VEFL F4><E E<EF5< >5G<>6?NTFLEO =5 

?<L5 WE=L>N 744F=VEFN 74557?5G<F< F>G=V ?D>7=>7<, 4 = F<<, M> 6>=< 

4>76>?ONFL EFD4F57VG=> G?D46?OF< D<7<>4<< F4 D5EGDE4<< >><?4=VW. 
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$����� 2. ���'���� ������ ARIMA PLUS � %�$�����-� 

BIGQUERY ML 

�>45?L ARIMA_PLUS G BigQuery ML T ?5D54>6<< V=EFDG<5=F>< 4?O 

?D>7=>7G64==O G4E>6<E DO4V6, O><= ?>T4=GT 46F><4F<74FVN >5D>5>< 44=<E V7 

?>FG6=<<< <5F>44<< <>45?N64==O. �4 6V4<V=G 6V4 >?4E<G=>W <>45?V ARIMA, 

ARIMA_PLUS 6>?NG4T >><??5>E=<= >>=65TD, M> >E>??NT ?V47>F>6>G 44=<E, 

6<O6?5==O 4=><4?V=, >>D<7G64==O 5D5>FV6 E6OF, D>7>?44 E57>==>EFV 74 

4>?><>7>N STL (Seasonal and Trend decomposition using Loess) V <>45?N64==O 

FD5=4G 7 46F><4F<G=<< 6<5>D>< ?4D4<5FDV6 ARIMA. &5= ?V4EV4 4>76>?OT 

>>D<EFG64G4<, =46VFL 557 7?<5>><E 7=4=L G EF4F<EF<FV G< <4L<==><G =46G4==V, 

EF6>DN64F< =44V==V ?D>7=>7< 4?O 5V7=5E-74644=L, F4><E O> ?D>7=>7G64==O 

?D>446V6, 4=4?V7 FD4DV>G 45> >FV=>4 ?>?<FG. �>=65TD ARIMA_PLUS 

E>?444TFLEO 7 F4><E >E=>6=<E 5F4?V6. 

 

2.1. �V47>F>6>4 44=<E F4 >5D>5>4 6<><4V6 F4 4=><4?V= 

�V47>F>6>4 44=<E T >D<F<G=> 646?<6<< 5F4?><, O><= 6<7=4G4T O>VEFL 

?D>7=>7V6. ARIMA_PLUS 46F><4F<7GT F5= ?D>F5E, 4?5 D>7G<V==O =>7> 

<5E4=V7<V6 4>76>?OT >?F<<V7G64F< <>45?N64==O. '4EF>F4 44=<E (M>45==4, 

M>F<6=564, M><VEOG=4 F>M>) 6<7=4G4TFLEO 46F><4F<G=> =4 >E=>6V <VF>> G4EG. 

BigQuery ML 4=4?V7GT V=F5D64?< <V6 EGEV4=V<< F>G>4<<, M>5 6EF4=>6<F< 

D57G?OD=G EVF>G G4EG. �4?D<>?44, 4?O M>45==<E 44=<E V=F5D64? EF4=>6<FL 24 

7>4<=<, 4?O M>F<6=56<E 4 7 4=V6. />M> G4EF>F4 =5D57G?OD=4, E<EF5<4 

6<>>=GT ?5D56<5VD>G, M> >?<E4=> =<6G5. �5D57G?OD=V V=F5D64?< <V6 <VF>4<< 

G4EG T ?>L<D5=>N ?D>5?5<>N 6 D54?L=<E 44=<E. BigQuery ML 74EF>E>6GT 

?5D56<5VD>G 4> D57G?OD=>W G4EF>F<, 6<>>D<EF>6GNG< <5F>4< 47D574FVW 

(=4?D<>?44, E5D54=T 45> EG<G) 4?O =44?<L>>6<E 44=<E 45> V=F5D?>?OFVN 4?O 

?D>?GM5=<E. �4?D<>?44, O>M> 44=V =44E>4OFL V7 =5DV6=><VD=<<< V=F5D64?4<< 
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(=4?D<>?44, 1 45=L, 3 4=V, 2 4=V), E<EF5<4 EF6>DNT DV6=><VD=G EVF>G 7 

DV>E>64=<< V=F5D64?>< (=4?D<>?44, 1 45=L). �4F5<4F<G=>, 4?O 47D574FVW 

4G5?L>64=<E 7=4G5=L G <564E >4=>7> G4E>6>7> V=F5D64?G 6<>>D<EF>6GTFLEO 

E5D54=T: 

� = 1�K�',)*

)+%

 

45 �' 3 47D57>64=5 7=4G5==O 4?O G4E>6>W <VF>< t, �',) 3 >>D5<5 7=4G5==O G  

G4E>6><G V=F5D64?V t, n 3 >V?L>VEFL 74?<EV6, M> ?D<?444NFL =4 F5= V=F5D64?. 

/>M> 4?O >4=VTW <VF>< G4EG VE=GT >V?L>4 7=4G5=L (=4?D<>?44, G5D57 

?><<?>< 66545==O 44=<E), BigQuery ML >5G<E?NT E5D54=T 4D<D<5F<G=5. &5 

7<5=LGT LG< V 74557?5GGT T4<=G F>G>G 44=<E 4?O >>6=>W <VF>< G4EG. 

�?LF5D=4F<6=V <5F>4<, F4>V O> 6<5VD <4>E<<4?L=>7> G< <V=V<4?L=>7> 7=4G5==O, 

=5 6<>>D<EF>6GNFLEO, M>5 G=<>=GF< E?>F6>D5==O FD5=4G. 

�D>?GM5=V 7=4G5==O 74?>6=NNFLEO 74 4>?><>7>N ?V=V==>W V=F5D?>?OFVW, 

O>4 4>76>?OT 755D57F< ?>>4?L=<= FD5=4 DO4G. />M> 7=4G5==O �'% F4 �', , F> 

V=F5D?>?OFVO 74V=E=NTFLEO 74 D>D<G?>N:  

�' = �'% + (�', 2 �'%) 7 (� 2 �%)�, 2 �%  

45 �' 3 V=F5D?>?L>64=5 7=4G5==O =4 <><5=F G4EG t, �'%,�', 3 6V4><V 7=4G5==O 4> 

V ?VE?O ?D>?GM5=>7> <><5=FG, �%,�, 3 6V4?>6V4=V G4E>6V <VF>< 4?O F<E 7=4G5=L. 

&5= <5F>4 755DV74T ?>>4?L=<= FD5=4 V T EFV=><< 4> =565?<><E ?D>74?<= G 

44=<E. �?O 65?<><E ?D>74?<= (?>=44 10% 44=<E) D5>><5=4GTFLEO ?>?5D54=O 

>5D>5>4 ?>74 BigQuery ML, =4?D<>?44, 74 4>?><>7>N 5>E?>=5=FV==>7> 

77?446G64==O.  

�>DV6=O=> 7 V=L<<< ??4FD>D<4<<, F4><<< O> Python (5V5?V>F5>< pandas, 

statsmodels), BigQuery ML ?D>?>=GT 46F><4F<7>64=G ?V47>F>6>G 44=<E, M> 

5>>=><<FL G4E, 4?5 >5<56GT 7=GG>VEFL. �4?D<>?44, pandas 4>76>?OT 
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74EF>E>6G64F< E>?44=V <5F>4< 74?>6=5==O ?D>?GE>V6 (forward fill, backward fill, 

spline interpolation), F>4V O> BigQuery ML >5<56GTFLEO ?V=V==>N 

V=F5D?>?OFVTN. �4=4> 46F><4F<74FVO BigQuery ML >><?5=EGT F5 L6<4>VEFN 

>5D>5>< 65?<><E =45>DV6 44=<E (4> 1 <V?L=>=4 F>G>>). 

�<><4< F4 4=><4?VW <>6GFL 7=4G=> E?>F6>D<F< D57G?LF4F< <>45?V, F><G 

ARIMA_PLUS 6>?NG4T <5E4=V7<< WE 6<O6?5==O F4 >>D<7G64==O. BigQuery ML 

6<>>D<EF>6GT EF4F<EF<G=V <5F>4<, F4>V O> <V6>64DF<?L=<= D>7<4E (IQR), 4?O 

6<O6?5==O 6<><4V6. �<O6?5=V 6<><4< >>D<7GNFLEO L?OE>< 74<V=< =4 7=4G5==O, 

>FD<<4=V G5D57 V=F5D?>?OFVN 45> 77?446G64==O. $4?F>6V 7<V=< DV6=O (level 

shifts), E?D<G<=5=V 7>6=VL=V<< ?>4VO<< (=4?D<>?44, 7<V=4 ?>?VF<>< 

FV=>GF6>D5==O), 6<O6?ONFLEO 74 4>?><>7>N 4=4?V7G 74?<L>>6>W >><?>=5=F< 

?VE?O D>7>?44G STL. BigQuery ML >>D<7GT F4>V 7<V=<, =>D<4?V7GNG< 44=V 6 

F>G>4E EFD<5>4, M>5 <>45?L =5 V=F5D?D5FG64?4 WE O> G4EF<=G FD5=4G. 

�5D>5>4 6<><4V6 T 646?<6>N, 4?5 6>4=>G4E 45?V>4F=>N ?D>F54GD>N, 

>E>V?L>< 6<><4< <>6GFL 6V4>5D464F< 7=4GGMV ?>4VW, =4?D<>?44, ?V>< ?>?<FG 

6=4E?V4>> <4D>5F<=7>6<E >4<?4=V= 45> E57>==<E >>?<64=L. �<44?5==O 45> 

77?446G64==O F4><E 7=4G5=L <>65 ?D<765EF< 4> 6FD4F< FV==>W V=D>D<4FVW. 

�?O >FV=>< 6??<6G >>D5>FVW 6<><4V6 6<>>D<EF>6GTFLEO 

E5D54=L>>644D4F<G=4 ?><<?>4 (RMSE) <V6 >D<7V=4?L=<<< �' F4 

E>>D<7>64=<<< 7=4G5==O<< �N':  
���� = 	R1�K(�' 2 �N'),*

'+%

 

45 �'	3 D4>F<G=5 7=4G5==O 6 <><5=F G4EG t, �N' 3 7=4G5==O ?VE?O >5D>5><, n 3 

>V?L>VEFL E?>EF5D565=L.  />M> RMSE ?5D56<MGT ?D<==OF=<= ?>DV7 

(=4?D<>?44, 10% 6V4 EF4=44DF=>7> 6V4E<?5==O DO4G), F5 <>65 E6V4G<F< ?D> 

=44<VD=G >>D5>FVN, V 6 F4><E 6<?44>4E D5>><5=4GTFLEO DGG=4 ?5D56VD>4 

6<><4V6 4?O 6<7=4G5==O WE 5>>=><VG=>W 45> ?D<>?44=>W 7=4GGM>EFV. 
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2.2. �>D<7G64==O 5D5>FV6 F4 6<O6?5==O V 5>EFD4?>?OFVO 

E57>==>EFV 

�D5>F< E6OF, F4>V O> 7D>EF4==O ?D>446V6 ?V4 G4E =>6>DVG=<E E6OF, 

6D4E>6GNFLEO 74 4>?><>7>N ?4D4<5FD4 HOLIDAY_REGION. �4?D<>?44, 4?O 

%,� (HOLIDAY_REGION='US') BigQuery ML 4>44T D57D5E>D<, O>V 

<>45?NNFL 6??<6 E6OF, F4><E O> �5=L ?>4O>< G< $V746>. �4F5<4F<G=>, 5D5>F 

E6OF 4>44TFLEO 4> <>45?V O> 7>6=VL=V= D57D5E>D. &5= ?V4EV4 ?V46<MGT F>G=VEFL 

?D>7=>7V6 G ?5DV>4< 7 4=><4?L=>N 4>F<6=VEFN, 4?5 6<<474T ?D46<?L=>7> 

6<5>DG D57V>=G E6OF. 

%57>==VEFL T >?NG>6<< 5?5<5=F>< 5474FL>E G4E>6<E DO4V6, V 

ARIMA_PLUS 5D5>F<6=> WW >5D>5?OT. BigQuery ML 74EF>E>6GT STL-D>7>?44 

4?O 45>><?>7<FVW G4E>6>7> DO4G:  �' = �' + �' + �' 
45 �' 3 E?>EF5D56G64=<= G4E>6<= DO4, �' 3 FD5=4, �' 3  E57>==4 >><?>=5=F4,  �' 
3 74?<L>>64 >><?>=5=F4. STL 6<>>D<EF>6GT VF5D4F<6=5 77?446G64==O Loess 

4?O >FV=>< >><?>=5=F. %57>==4 >><?>=5=F4, >FD<<4=4 74 4>?><>7>N STL-

45>><?>7<FVW, 5>EFD4?>?NTFLEO 6 <4=5GF=T 74 4>?><>7>N <>45?V 

5>E?>=5=FV==>7> 77?446G64==O (ETS). �>>D5<4, 6<>>D<EF>6GTFLEO 44<F<6=4 

<>45?L %>?F4-�V=F5DE4, O>4 6D4E>6GT DV65=L, FD5=4 F4 E57>==VEFL.  �>45?L 

>?<EGTFLEO =4EFG?=<<< DV6=O==O<<: 

 $V65=L: �' = �(�' 2 �'-.) + (1 2 �)(�'-% + �'-%) 
 &D5=4: �' = �(�' 2 �'-%) + (1 2 �)�'-% 

 %57>==VEFL: �' = �(�' 2 �') + (1 2 �)�'-. 

 �D>7=>7 =4 h >D>>V6 6?5D54: �N'/0 = �' + /�' + �'-./(0	.34	.) 

45 �' 3 D4>F<G=5 7=4G5==O =4 <><5=F t, �' 3 DV65=L (E7?4465=5 E5D54=T), �' 3  

FD5=4 (F5<? 7<V=< DV6=O), �' 3 E57>==4 >><?>=5=F4, m 3 ?5DV>4 E57>==>EFV, �, �, �	�	[0,1] 3 ?4D4<5FD< 77?446G64==O, h 3 7>D<7>=F ??4=G64==O.  
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BigQuery ML 46F><4F<G=> 6<5<D4T >?F<<4?L=G >>=DV7GD4FVN ETS =4 

>E=>6V E4D4>F5D<EF<> 44=<E, M> 7<5=LGT ?>FD55G 6 DGG=><G =4?4LFG64==V. 

�>DV6=O=> 7 V=L<<< <5F>44<< 45>><?>7<FVW, F4><<< O> >?4E<G=4 44<F<6=4 G< 

<G?LF<??V>4F<6=4 45>><?>7<FVO, STL T 5V?LL 7=GG><< V EFV=><< 4> 6<><4V6. 

�4?D<>?44, >?4E<G=4 45>><?>7<FVO ?D<?GE>4T ?>EFV==<= ?5DV>4 E57>==>EFV, 

F>4V O> STL <>65 444?FG64F<EO 4> 7<V==<E ?4F5D=V6. �4=4> STL 6<<474T 

5V?LL<E >5G<E?N64?L=<E D5EGDEV6, M> <>65 5GF< >5<565==O< 4?O 4G65 

4>67<E G4E>6<E DO4V6. &D5=4, 6<4V?5=<= 74 4>?><>7>N STL, <>45?NTFLEO 7 

6<>>D<EF4==O< ARIMA.  �>45?L ARIMA(p, d, q) >?<EGT EF4FV>=4D=<= G4E>6<= 

DO4 ?VE?O 4<D5D5=FVN64==O. BigQuery ML 6<>>D<EF>6GT 4?7>D<F< 

auto.ARIMA 4?O 46F><4F<G=>7> 6<5>DG ?4D4<5FDV6 ( p, d, q ). �?7>D<F< >FV=NT 

>V?L>4 >4=4<44F=<E <>45?5= V 6<5<D4T FG, M> <V=V<V7GT >D<F5DV= V=D>D<4FVW 

�>4V>5 (AIC). �4D4<5FD< >5<565=V: ( p, q ): 6V4 0 4> 5, ( d ): 6V4 0 4> 2. �4D4<5FD 

AUTO_ARIMA_MAX_ORDER (74 74<>6GG64==O< 3) >5<56GT EG<G ( p + q ), 

M> 6??<64T =4 >V?L>VEFL >4=4<44F=<E <>45?5=. 

�?O ?V46<M5==O F>G=>EFV ARIMA_PLUS <>6=4 6=5EF< F4>V <>4<DV>4FVW:  

1. �V5D<4=4 >5D>5>4 6<><4V6: �><5V=G64F< IQR V7 <5F>44<< =4 >E=>6V 

<4L<==>7> =46G4==O, F4><<< O> V7>?OFV==<= ?VE, 4?O F>G=VL>7> 6<O6?5==O 

4=><4?V=. 

2. �=F57D4FVO 7>6=VL=VE D57D5E>DV6: �<>>D<EF>6G64F< ARIMA_PLUS_XREG 

4?O 6>?NG5==O 4>44F>>6<E 7<V==<E, F4><E O> <4D>5F<=7>6V 6<FD4F< G< 

?>7>4=V 44=V. 

3. �44?F<6=<= 7>D<7>=F ?D>7=>7G: �6F><4F<G=> 6<7=4G4F< >?F<<4?L=<= 

7>D<7>=F ?D>7=>7G =4 >E=>6V 6>?4F<?L=>EFV 44=<E. 

&V <>4<DV>4FVW ?>FD55GNFL 4>44F>>6>W D54?V74FVW ?>74 EF4=44DF=<< 

DG=>FV>=4?>< BigQuery ML, 4?5 <>6GFL 5GF< ?D>F5EF>64=V 6 Python 45> R. 

ARIMA_PLUS ?>DV6=O=> 7 V=L<<< <5F>44<< ?D>7=>7G64==O, F4><<< O> 

Prophet (D>7D>5?5=<= Facebook) V LSTM (7?<5>>5 =46G4==O), <4T F4>V ?5D5647<: 
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 �D>EF>F4 6<>>D<EF4==O: SQL-V=F5DD5=E =5 6<<474T 7=4=L ?D>7D4<G64==O. 

 �6F><4F<74FVO: 'EG64T ?>FD55G 6 DGG=><G =4?4LFG64==V ?4D4<5FDV6. 

 �4ELF45>64=VEFL: �5D>5?OT 65?<>V =45>D< 44=<E G E<4DV. 

�54>?V><: 

 �5=L4 7=GG>VEFL ?>DV6=O=> 7 Prophet, O><= 4>76>?OT =4?4LFG64F< 

E57>==VEFL V D57D5E>D<. 

 �5<565=4 ?V4FD<<>4 =5?V=V==<E FD5=4V6 ?>DV6=O=> 7 LSTM. 

�F65, ?V4EG<>6GNG< 6<M5 E>474=5 <>45?L ARIMA_PLUS G BigQuery ML 

T ?>FG6=<< V=EFDG<5=F>< 4?O ?D>7=>7G64==O G4E>6<E DO4V6, O><= ?>T4=GT 

46F><4F<74FVN, <4ELF45>64=VEFL V F>G=VEFL. �W >>=65TD >5D>5?OT E>?44=V 

4E?5>F< 4=4?V7G, F4>V O> 6<><4<, E57>==VEFL V 5D5>F< E6OF, M> D>5<FL WW 

V454?L=>N 4?O 5V7=5E-4>44F>V6. $>7G<V==O F5E=VG=<E 45F4?5= V <5F>4>?>7VG=<E 

4E?5>FV6 4>76>?OT >>D<EFG64G4< >?F<<V7G64F< <>45?N64==O F4 444?FG64F< 

=>7> 4> E?5F<DVG=<E 74644=L.
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$����� 3. �$�����'����/ $���$��&������% 

�������� �� �$������ ����$���%&�� <GENESIS COMPANY= 

�><?4=VO <Genesis= 4 F5 >4=4 7 ?D>6V4=<E G>D4W=EL><E >>D4G=4<=7>6<E 

�&->><?4=V=, O>4 E?5FV4?V7GTFLEO =4 ?>5G4>6V 7?>54?L=<E F5E=>?>7VG=<E 

5V7=5EV6 G ?4DF=5DEF6V 7 ?D>6V4=<<< ?V4?D<T<FO<< &5=FD4?L=>W F4 %EV4=>W 

�6D>?<. �W <VEVO ?>?O74T 6 D>76<F>G 6<E>>>F5E=>?>7VG=<E ?D>4G>FV6, 

>DVT=F>64=<E =4 <V6=4D>4=V D<=><, V7 74EF>EG64==O< EGG4E=<E ?V4E>4V6 4> 

4=4?VF<><, <4D>5F<=7G F4 <>=5F<74FVW. �4 EL>7>4=VL=V= 45=L 74EF>EG=>< 

>><?4=VW 7464=F465=> ?>=44 400 <V?L=>=V6 D47V6, V M><VEOFO =<<< 4>F<6=> 

>>D<EFGNFLEO <V?L=>=< ?N45= ?> 6EL><G E6VFG. ' <564E <>7> 4>E6V4G D>5>F< 

<>?>4L<< 4=4?VF<>>< G >><4=4V, M> E?5FV4?V7GTFLEO =4 E>FV4?L=<E 

>><G=V>4FVOE, <5=V 6<?4?4 =47>44 67OF< GG4EFL G ?D>T>FV, O><= <46 74 <5FG 

?>>D4M<F< 5D5>F<6=VEFL D5<4D>5F<=7>6<E >4<?4=V=. �<>>D<EF>6GNG< 

VE=GNGG <>45?L ?D>7=>7G64==O ?>654V=>< >>D<EFG64GV6, <=>N 5G?> 

D>7D>5?5=> 4>67>EFD>>>6<= D5<4D>5F<=7>6<= ?D>7=>7 =4 365 4=V6, M> 

4>76>?OT 5V?LL F>G=> ??4=G64F< D5>?4<=V 4>F<6=>EFV 4?O ?>6F>D=>7> 

74?GG5==O 4G4<F>DVW. �><?4=VO ?D4FNT 74 FD4=74>FV==>N 5V7=5E-<>45??N, M> 

74557?5GGT GVF>5 6V4EF565==O 674T<>4V= >>D<EFG64GV6 V7 ?D>4G>F>< F4 

?>44?LL<E >>=65DEV=. �46?<6>N ?5D5647>N T ?>FG6=4 V=DD4EFDG>FGD4 44=<E, 

?>5G4>64=4 =4 >E=>6V BigQuery, O>4 4>76>?OT 5D5>F<6=> 755DV74F<, >5D>5?OF< 

F4 4=4?V7G64F< 65?<>V <4E<6< V=D>D<4FVW G D54?L=><G G4EV. &5 E5D54>6<M5 

EF4?> >E=>6=>N ??4FD>D<>N 4?O D54?V74FVW <>45?V ?D>7=>7G64==O F4 ?>5G4>6< 

44L5>D4V6 4?O 6=GFDVL=L>W 4=4?VF<><. $57G?LF4F< ?D>7=>7G 5G4GFL 

6<>>D<EF4=V 4?O >?F<<V74FVW D5>?4<=<E >4<?4=V= G <>5V?L=<E 4>44F>4E =4 

??4FD>D<4E iOS F4 Android, 7 GD4EG64==O< 75>7D4DVG=>7> F4D75FG64==O. &4><= 

?V4EV4 4>76>?OT ?V46<M<F< F>G=VEFL <4D>5F<=7>6<E 4>F<6=>EF5=, 7<5=L<F< 

6<FD4F< =4 74?GG5==O ?>6F>D=<E >>D<EFG64GV6 F4 75V?LL<F< 7474?L=<= DV65=L 

<>=5F<74FVW ?D>4G>FG. 
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3.1. %F6>D5==O F45?<FV <4D>5F<=7>6<E >4=4?V6 ?> 6V4?>6V4=<E 

??4FD>D<4E 

�4 ?>G4F>>6><G 5F4?V 4>E?V465==O 5G?> ?>5G4>64=> G7474?L=5=G 

4=4?VF<G=G F45?<FN, O>4 >?<EGT 4>F<6=VEFL >>D<EFG64GV6 74 <4D>5F<=7>6<<< 

>4=4?4<< V7 D>7?>4V?>< 74 ??4FD>D<4<< (Android F4 iOS) V 75>7D4DVG=<<< 

D57V>=4<< (%?>?GG5=V ,F4F< 4 US, D5LF4 >D4W= 4 Worldwide). �E=>6=>N 

<5F>N FVTW F45?<FV T 6<7=4G5==O =4O6=>EFV VEF>D<G=<E 44=<E 4?O ?>5G4>6< 

?D>7=>7=<E <>45?5=, 4 F4>>6 6EF4=>6?5==O 6V4?>6V4=<E F<?V6 <>45?5=, M> 

<>6GFL 5GF< 6<>>D<EF4=V 4?O >>6=>W >>=>D5F=>W >><5V=4FVW 

>4=4?/??4FD>D<4/75>7D4DVO. 

�?O D54?V74FVW FL>7> ?V4E>4G 5G?< 6<>>D<EF4=V 44=V ?D> 6EF4=>6?5==O 

4>44F>V6, >FD<<4=V 7 6=GFDVL=VE 547 >><?4=VW, 7>>D5<4 F45?<FV users, M> 

<VEF<FL V=D>D<4FVN ?D> >>D<EFG64G4, 44FG 6EF4=>6?5==O F4 ?>69O74=>7> 

?4DF=5D4 (>4=4?), 4 F4>>6 4>?><V6=V F45?<FV 7 ?4D4<5FD4<< <>45?5= 

?D>7=>7G64==O. ' <564E 74?<FG 5G?> 74V=E=5=> 7DG?G64==O >>D<EFG64GV6 74 

>4=4?4<< (net), ??4FD>D<4<< F4 75>7D4DVTN. $>7D4E>6G64?<EO >V?L>VE=V 

E4D4>F5D<EF<><, F4>V O> >V?L>VEFL G=V>4?L=<E >>D<EFG64GV6, 44F4 ?5DL>7> V 

>EF4==L>7> 6EF4=>6?5==O, 4 F4>>6 FD<64?VEFL 4>F<6=>7> ?5DV>4G (DV7=<FO <V6 

>EF4==L>N V ?5DL>N 44F>N 6EF4=>6?5==O). 

�5>7D4DVN 5G?> =>D<4?V7>64=> 4> 46>E >4F57>DV= 4 US F4 WW, M> 

6V4?>6V44T 6=GFDVL=V< 5V7=5E-?>4V?4< ?D< 4=4?V7V D<=>V6. �4?V, =4 >E=>6V 

EF6>D5=>W 47D574FVW, 4?O >>6=>7> >4=4?G 74V=E=N64?4EL ?5D56VD>4 =4O6=>EFV 

<>45?V ?D>7=>7G64==O. �G?> 6<>>D<EF4=> 464 465D5?4 <>45?5=: 547>6V 

ARIMA-<>45?V F4 <>45?V =4 47D57>64=><G 75>7D4DVG=><G DV6=V, M> 

755DV74NFLEO 6 F45?<FOE ?4D4<5FDV6 *_model_params F4 *_geo_params. />M> 

6V4?>6V4=4 <>45?L G65 =4O6=4 4 WW =476G ?D<7=4G4?< O> model_name. />M> 6 

O6=>W <>45?V =5 VE=G64?>, 4?5 VEF>DVO 6EF4=>6?5=L 5G?4 <5=L>N 74 180 4=V6, 

F>4V 46F><4F<G=> ?D<7=4G4?4EL 547>64 <>45?L ARIMA 74?56=> 6V4 ??4FD>D<< 
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F4 75>7D4DVW, =4?D<>?44: arima_andr_geo_us.  �4=VTN V7 <>6?<6<E <>4<DV>4FV= 

44=>7> ?D>F5EG T <>6?<6VEFL EF6>D5==O 4>44F>>6<E XREG <>45?5= 7 

7>6=VL=<<< D57D5E>D4<< 4?O >4=4?V6, O>V ?D>6<?< 5V?LL5 30 4=V6, 4?5 <5=L5 

180 4?O >D<7V=4?L=<E ARIMA_PLUS <>45?5=, 4?5 FO V45O =5 5G?4 L<D>>> 

D>77?O=GF4 >><4=4>N. 

�4EFG?=<< >D>>>< 5G?> 6<7=4G5==O, G< 4>EFG?=V 44=V 4?O ?>5G4>6< 

?D>7=>7G 7 7>D<7>=F>< G 365 4=V6. �?O FL>7> 5G?4 ED>D<>64=4 4>?><V6=4 

6<5VD>4 >>D<EFG64GV6, O>V <4?< 6EF4=>6?5==O 6 V=F5D64?V <V6 181 V 365 4=O<< 

4> ?>F>G=>W 44F<. />M> 4?O 6V4?>6V4=>W >><5V=4FVW >4=4?/75>7D4DVO/??4FD>D<4 

G FL><G ?5DV>4V 5G?< 74DV>E>64=V 6EF4=>6?5==O 4 >4=4? 6V4<VG46EO O> 7>F>6<= 

4> <>45?N64==O (Yes). />M> 44=V 5G?< 6V4EGF=V, 4?5 ?5DV>4 4>F<6=>EFV 5G6 

<5=L5 180 4=V6, >4=4? >FD<<G646 ?>7=4G5==O No (Geo/XREG Model), F>5F> 

?D>7=>7 <>65 5GF< ?>5G4>64=<= ?<L5 7 6<>>D<EF4==O< 47D57>64=<E 

75>7D4DVG=<E 44=<E.  � V=L><G 6<?44>G >>?< >4=4? =5 ?V4?444T ?V4 44=V G<>6< 

(=5 5G?> 44=<E 6 44=<= ?D><V6>> G4EG, 45> V=LV ?D<G<=<) 6EF4=>6?OTFLEO 

F4>>6 ?>7=4G5==O No (Early install date).   

' DV=4?L=V= F45?<FV 74?<L4?<EL ?<L5 FV 74?<E<, 45 >EF4==T 6EF4=>6?5==O 

74DV>E>64=5 =5 D4=VL5 =V6 30 4=V6 F><G. &5 4>76>?<?> >FD<<4F< 4>FG4?L=<= 

7=V<>> EF4=G <4D>5F<=7>6<E >4=4?V6 V ?V47>F>6>< 4> 4>67>EFD>>>6>7> 

?D>7=>7G64==O. $57G?LF4F>< ?>5G4>6< FVTW F45?<FV T >><?4>F=4, 4?5 

V=D>D<4F<6=4 EFDG>FGD4, M> 4>76>?OT 5V7=5E->><4=4V L6<4>> V45=F<DV>G64F<, 

4?O O><E ??4FD>D< F4 >4=4?V6 665 VE=GNFL <>45?V ?D>7=>7G64==O, 45 6>=< 

?>FD55GNFL >=>6?5==O 45> ?>5G4>6< 7 =G?O, 4 F4>>6 G< T 4>EF4F=V= >5EO7 44=<E 

4?O <>45?N64==O =4 7>D<7>=FV 6 365 4=V6. 

 

3.2 $>D<G64==O F45?<FL FD4=74>FV= 4?O D5<4D>5F<=7G 4?O 

6V4?>6V4=<E ??4FD>D< 

' <564E ?>5G4>6< 4=4?VF<G=>W <>45?V ?D>7=>7G64==O LTV >E>5?<6G D>?L 
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6V4V7D4T 5F4? D>D<G64==O FD4=74>FV==<E F45?<FL. %4<5 FV F45?<FV 4>76>?ONFL 

7V5D4F<, EF4=44DF<7G64F< = E<EF5<4F<7G64F< >?NG>6V DV=4=E>6V ?4D4<5FD<, 

?>69O74=V 7 ?>654V=>>N >>D<EFG64GV6 ?VE?O 6EF4=>6?5==O <>5V?L=>7> 4>44F>G. 

' >>=F5>EFV D5<4D>5F<=7G 4 F>5F> ?>6F>D=>7> 74?GG5==O >>D<EFG64GV6 74 

4>?><>7>N D5>?4<=<E >4<?4=V= 4 44=V ?D> FD4=74>FVW <4NFL >E>5?<6G 

FV==VEFL, >E>V?L>< 44NFL 7<>7G >FV=<F< 5D5>F<6=VEFL 6<FD4G5=<E D5EGDEV6, 

6<O6<F< 74>>=><VD=>EFV G ?>654V=FV 74?GG5=<E E57<5=FV6 F4 E?D>7=>7G64F< 

<4=5GF=V ?D<5GF>< 7 GD4EG64==O< GEVE EG?GF=VE 6<FD4F. 

�>5G4>64 FD4=74>FV==<E F45?<FL 4 F5 5474F>>D>>>6<= ?D>F5E, O><= 

6>?NG4T 47D574FVN V=D>D<4FVW 7 =<7>< 465D5?. %5D54 =<E 4 6=GFDVL=V 547< 

44=<E ?D> ??4F56V (payment_transaction), ?>44F>>6V F45?<FV (=4?D<>?44, 

vat_rates_eu), V=D>D<4FVO ?D> 6EF4=>6?5==O 4>44F>V6, >D4W=G >>D<EFG64G4, 

<4D>5F<=7>6G 4FD<5GFVN (465D5?> FD4DV>G, >4<?4=VO, D5<4D>5F<=7) F4 

>?5D4FV==V 6<FD4F< (>><VEVW, E>EF<=7). �46?<6>N G<>6>N T F>G=4 769O7>4 <V6 

?>4VO<< 6EF4=>6?5==O 4>44F>G F4 ?>44?LL<<< FD4=74>FVO<< 4 ?<L5 F4><< 

G<=>< <>6=4 G=<>=GF< 7<VLG64==O 44=<E ?D< ?>6F>D=><G 6EF4=>6?5==V 45> 

>=>6?5==V ?D<EFD>N. �?O >>6=>W 7 ??4FD>D< 4 iOS F4 Android 4 D>D<GTFLEO 

>>D5<4 F45?<FO. �>=4 6>?NG4T F4>V >?NG>6V 4FD<5GF<: 

 �4F4 6EF4=>6?5==O (install_date) 4 ?>G4F>>64 F>G>4 6<FFT6>7> F<>?G 

>>D<EFG64G4; 

 �4F4 FD4=74>FVW (event_date) 4 45=L, >>?< 5G?> 74V=E=5=> ??4FV6; 

 Lifetime 4 >V?L>VEFL 4=V6 <V6 6EF4=>6?5==O< V FD4=74>FVTN; 

 %G<4 FD4=74>FVW 4 7 GD4EG64==O< ?>44F>>6<E >>D<7G64=L F4 >><VEV=; 

 �V?L>VEFL FD4=74>FV= 4 >V?L>VEFL G=V>4?L=<E ?>4V= >??4F<; 

 �D4W=4 >>D<EFG64G4 4 6<7=4G4T 64?NFG F4 EF46>G ���; 

 �7=4>4 D5<4D>5F<=7G 4 V45=F<DV>GT >>D<EFG64GV6, O>V 5G?< 74?GG5=V 

64DG75; 

 �?4FD>D<4 4 Android 45> iOS, >E>V?L>< ?>?VF<>< >5D>5>< FD4=74>FV= 
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6V4DV7=ONFLEO; 

 �<FD4F< =4 E>EF<=7 4 V=DD4EFDG>FGD=V 6<FD4F< =4 >5E?G7>6G64==O 

>>D<EFG64G4. 

&V 44=V D>D<GNFL EFDG>FGD>64=<= =45VD, M> <>65 5GF< 6<>>D<EF4=<= 4?O 

EF4F<EF<G=>7> 4=4?V7G, ?>5G4>6< time-series <>45?5= F4 ?>44?LL<E ML-

?D>F54GD 7 >FV=>< LTV.  

�?4FD>D<4 iOS 6<<474T 6D4EG64==O E?5F<DV>< ?>?VF<>< Apple M>4> 

>><VEV=, 755DV74==O FD4=74>FV= F4 >?>44F>G64==O. �E=>6=<< 465D5?>< 44=<E T 

F45?<FV ltv.partner_costs F4 payment_transaction. ' F<E F45?<FOE DV>EGNFLEO 6EV 

FD4=74>FVW >>D<EFG64GV6 ?VE?O V=EF4?G, 6>?NG4NG< G4E, EG<G, 465D5?> FD4DV>G, 

??4FV6=G E<EF5<G F4 V45=F<DV>4F>D ?D<EFD>N. 

�4=E>?44=VL<< 74644==O< T >>D5>F=4 DV?LFD4FVO FD4=74>FV=, M>5 

6<>?NG<F< 4G5?V>4F<, M> 6<=<>4NFL G5D57 ?>6F>D=V V=EF4?<. �?O FL>7> 6 

D>7D4EG=>> ?>FD4??ONFL ?<L5 FV FD4=74>FVW, O>V EF4?<EO ?VE?O ?56=>7> V=EF4?G 

V 4> =4EFG?=>7> V=EF4?G F>7> 6 >>D<EFG64G4. &5 4>76>?OT G=<>=GF< E<FG4FVW, 

>>?< >4=4 FD4=74>FVO D4EGTFLEO >V?L>4 D47V6 G DV7=<E 6<FFT6<E F<>?4E 

>>D<EFG64G4. 

&4>>6 646?<6<< T 6D4EG64==O ���. />M> >D4W=4 >>D<EFG64G4 6V4><4 

(6<7=4G4TFLEO 74 IP 45> billing-44=<<<), 74EF>E>6GTFLEO 6V4?>6V4=4 ?>44F>>64 

EF46>4. &5 4>76>?OT F>G=VL5 6<7=4G<F< D4>F<G=<= 4>EV4, >E>V?L>< ��� T 

=5?DO<<< ?>44F>><, O><= =5 6>?NG4TFLEO G G<EF<= ?D<5GF>> >><?4=VW. 

�<FD4F< =4 E>EF<=7 D>7D4E>6GNFLEO 7 GD4EG64==O< F4D<DV6, M> 4VNFL =4 

6V4?>6V4=G 44FG. �4?D<>?44, 4?O G5D6=O 2023 D>>G <>65 74EF>E>6G64F<EL 

EF46>4 host_fee_ios = 0.1, 4 4?O ?>?5D54=VE ?5DV>4V6 4 >>=EF4=F4 0.09 45> 

4<=4<VG=5 7=4G5==O 7 F45?<FV cost_inst. �><VEVO Apple F4>>6 7<V=NTFLEO G G4EV: 

O>M> 4> E5D54<=< 2023 D>>G 6>=4 EF4=>6<?4 15%, F> ?VE?O 7<V=< ?>?VF<>< 6>=4 

<>65 7D>EF< 4> 30%, 74?56=> 6V4 F<?G 74EF>EG=>G, 4>E>4G D>7D>5=<>4 F4 

F5D<F>DVW.  
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�?4FD>D<4 Android (G5D57 Google Play) <4T E6>W >E>5?<6>EFV. �E=>6=4 

?>7V>4 ?>5G4>6< F45?<FV T ?>4V5=>N: FD4=74>FVW 7VEF46?ONFLEO 7 V=EF4?4<<, 

>5D4E>6GTFLEO lifetime, 6<7=4G4TFLEO 465D5?> >>D<EFG64G4 F4 >7=4>4 

D5<4D>5F<=7G. �D>F5, G Google >><VEV==4 ?>?VF<>4 T 7=GG>VL>N. �4?D<>?44, 

7<V=4 EF46>< >><VEVW 4> 30% 4?O ?56=<E >4F57>DV= 4>44F>V6 6V45G?4EO G ?<?=V 

2024 D>>G, V F5 ?>6<==> 5GF< 6D4E>64=> ?D< D>7D4EG=>4E 4>E>4G. 

&4> E4<>, O> V 4?O iOS, 6<FD4F< =4 E>EF<=7 >5D4E>6GNFLEO =4 >E=>6V 

>>5DVFVT=FV6 7 F45?<FV cost_hosts_koef. ' D47V 6V4EGF=>EFV E?5F<DVG=>7> 

7=4G5==O, 74EF>E>6GTFLEO E5D54=V= >>5DVFVT=F ?> <VEOFN. &5 4>76>?OT 

GFD<<G64F< G77>465=VEFL G 6<FD4F4E ?D< 7<V=4E FD4DV>G. �4D>5D rm = 1 

EF46<FLEO F<<, EF> 5G6 74?GG5=<= G5D57 D5F4D75F<=7 (Google Ads, Meta, Apple 

Search Ads F>M>) =46VFL ?VE?O =54>F<6=>EFV 45> 45V=EF4?OFVW N75D4. �VE?O 

?5D6<==>7> D>D<G64==O F45?<FL 6<>>=GTFLEO D5F5?L=4 ?5D56VD>4 ?>6=>F< 

FD4=74>FV=. '4EF> FD4??OTFLEO E<FG4FVO, >>?< ?56=4 FD4=74>FVO 5G?4 >5?V>>64=4 

6 E<EF5<V ??4F56V6, 4?5 =5 ?D>=L?4 DV?LFD4FVN ?V4 G4E 46>==V=7G 7 F45?<F5N 

V=EF4?V6. &5 <>65 5GF< E?D<G<=5=> 74FD<<>4<< E<=ED>=V74FVW, =5>>D5>F=>N 

?D<69O7>>N 4> ?D<EFD>N 45> F<<G4E>6<<< F5E=VG=<<< 75>O<<. ->5 G=<>=GF< 

6FD4F< 646?<6<E 44=<E, D54?V7GTFLEO <5E4=V7< 4>44F>>6>W 6EF46>< F4><E 

74?<EV6. &>5F>, GEV >><5V=4FVW <user_id 4 event_date=, O>V T G DV=4?L=V= 

FD4=74>FV==V= F45?<FV, 4?5 6V4EGF=V ?VE?O 47D574FVW, 4>44NFLEO >>D5<<< 

74?<F><. &5 74D4=FGT FV?VE=VEFL V D5?D575=F4F<6=VEFL DV=4?L=>7> 44F4E5FG.  

�4 7465DL4?L=><G 5F4?V GEV 7V5D4=V F4 >5D>5?5=V 44=V D>D<GNFLEO 6 T4<=G 

F45?<FN ?D>7=>7G64==O LTV. �>=4 T >E=>6=<< 465D5?>< 4?O ?>5G4>6< 

<>45?5=, O>V >FV=NNFL >GV>G64=G FV==VEFL >>D<EFG64G4 ?D>FO7>< ?56=>7> 

?5DV>4G. ' DV=4?L=V= F45?<FV DV>EGNFLEO F4>V ?>?O: G=V>4?L=<= id >>D<EFG64G4; 

44F4 V=EF4?G; 44F4 FD4=74>FVW; lifetime (G 4=OE); ??4FD>D<4; D57V>=/>D4W=4 

(75>?>>4FVO); 4>EV4 (net revenue); 6<FD4F< =4 E>EF<=7; D5<4D>5F<=7>6<= <4D>5D; 

4>44F>>64 <5F4V=D>D<4FVO 4?O 4=4?VF<>< (=4?D<>?44, source_id, campaign_id); 
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G=VDV>>64=4 44F4 FD4=74>FVW (formatted_date) 4 6<>>D<EF>6GTFLEO 4?O 

?>5G4>6< G4E>6<E DO4V6.   

�>?5 formatted_date T >?NG>6<< >><?>=5=F>< 4?O 74EF>EG64==O <5F>4V6 

4=4?V7G G4E>6<E DO4V6 G ?D>7=>7G64==V LTV. �>=> 6<>>=GT D>?L G=VDV>>64=>W 

G4E>6>W >>>D4<=4F<, M> 4>76>?OT 7DV6=OF< 6EVE >>D<EFG64GV6 =574?56=> 6V4 

44F< WE D4>F<G=>W GEF4=>6>< 4>44F>G. 

%GFL FL>7> ?V4E>4G ?>?O74T 6 =4EFG?=><G: 74 ?>G4F>>6G F>G>G 6V4?V>G 

55D5FLEO <V=V<4?L=4 44F4 V=EF4?G E5D54 GEVE >>D<EFG64GV6, O>4 G<>6=> 

66464TFLEO "?5DL<< 4=5< 6<FFO" E<EF5<<. �> FVTW 44F< 4>44TFLEO 7=4G5==O 

lifetime 4 >V?L>VEFL 4=V6, M> <<=G?< 6V4 <><5=FG V=EF4?OFVW 4> ?56=>W 

FD4=74>FVW >>D<EFG64G4. &4><< G<=><, >>6=4 FD4=74>FVO "?5D5<VMGTFLEO" G 

E?V?L=<= <4ELF45 G4EG, 45 formatted_date = <V=V<4?L=4_44F4_V=EF4?G + 

lifetime. &5= ?V4EV4 4>76>?OT:  

 EF4=44DF<7G64F< G4E>6V DO4< 4?O 6EVE >>D<EFG64GV6; 

 47D57G64F< FD4=74>FVW G T4<=><G F<<G4E>6><G ?D>EF>DV;  

 5D5>F<6=> 74EF>E>6G64F< <>45?V ?D>7=>7G64==O LTV (BG/NBD, Gamma-

Gamma, XGBoost, LSTM F>M>), O>V 74?564FL 6V4 EFDG>FGD< G4E>6>7> DO4G. 

'<>6=> >46GG<, 6EV >>D<EFG64GV "?>G<=4NFL 6<FFO" >4=>G4E=>, V 

?>44?LLV ?>4VW <>45?NNFLEO G ?>DV6=O==><G G4E>6><G <4ELF45V. &5 EGFFT6> 

?V46<MGT F>G=VEFL 4=4?V7G F4 4>76>?OT >D4M5 6<O6?OF< 74>>=><VD=>EFV 

?>654V=>< ??4F=<>V6 G DV7=V <><5=F< WE 6<FFT6>7> F<>?G. $>D<G64==O 

FD4=74>FV==<E F45?<FL T =5 ?D>EF> F5E=VG=<< 74644==O<, 4 DG=44<5=F4?L=<< 

5F4?>< G ?>5G4>6V 4=4?VF<G=>W V=DD4EFDG>FGD<, M> 4>76>?OT >FV=N64F< 

5D5>F<6=VEFL 5V7=5E-<>45?V, >?F<<V7>6G64F< <4D>5F<=7>6V 5N465F< F4 

?V46<MG64F< D5=F455?L=VEFL. 
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3.3 �<=4<VG=5 EF6>D5==O, ?D>7=>7G64==O F4 <>=VF>D<=7 ARIMA-

<>45?5= 

�?O ?>?57L5==O D>7?<EG ?D4>F<G=<E >5D4EG=>V6 << 5G45<> E4<5 

4>F5=FG64F< G647G =4 ??4FD>D<V iOS, 4?5 747=4NG<, M> V45=F<G=V <5F>4< 

444?FGT<> 4> Android ??4FD>D<<. �5DL<< >D>>>< G ?D>F5EV T D>D<G64==O 

=45>DG ?4D4<5FDV6 <>45?5=, O>V 755DV74NFLEO 6 F45?<FV ios_model_params (D<E. 

3.1). &O F45?<FO 6<>>=GT D>?L >5DGNG>7> L4DG 3 G =V= 6<7=4G5=> =476< 

<>45?5=, ??4FD>D<G, 75>7D4DVG=<= D57V>=, 4 F4>>6 4V4?47>= 4>?GEF<<<E 

7=4G5=L ?D>7=>7G (lower_bound F4 upper_bound). �4<VEFL 6>DEF>> 74>>4>64=>7> 

?V4E>4G, ?>7V>4 ?>5G4>64=4 F4><< G<=><, M> EF6>D5==O <>45?5= 6V45G64TFLEO 

G F<>?V: >>6=4 >>=DV7GD4FVO 7 F45?<FV ?4D4<5FDV6 7G<FGTFLEO O> 5?5<5=F 

<4E<6G model_params_ios, ?VE?O G>7> 4<=4<VG=> D>D<GTFLEO SQL-74?<F, O><= 

6<>>=GT EF6>D5==O <>45?V. 

 

$<E. 3.1. &45?<FO <ios_model_params=6 E5D54>6<MV BigQuery ML 

�65D5?>: E5D54>6<M5 BigQuery ML >><?4=VW <Genesis= 

 

�>45?V ARIMA EF6>DNNFLEO =4 >E=>6V F45?<FV Forecasting_iOS, O>4 

<VEF<FL 47D57>64=V 44=V ?D> FD4=74>FV==G 4>F<6=VEFL >>D<EFG64GV6 G D>D<4FV: 

44F4 FD4=74>FVW (Formatted_Date), ??4FD>D<4, 75>7D4DVO F4 4>EV4. %F6>D5=V 

<>45?V 6<>>D<EF>6GNFL F4>V >?FVW: 



30 
 

 MODEL_TYPE='ARIMA_PLUS' 3 6>47GT =4 74EF>EG64==O 64>E>>=4?5=>W 

65DEVW ARIMA 7 46F><4F<G=<< 6<7=4G5==O< ?4D4<5FDV6. 

 TIME_SERIES_TIMESTAMP_COL='Formatted_Date' 3 6>47GT, M> ?D>7=>7 

5G4GTFLEO =4 >E=>6V 77?4465=>7> G4E>6>7> DO4G. 

 TIME_SERIES_DATA_COL='Revenue' 3 FV?L>64 7<V==4 4?O ?D>7=>7G64==O 

3 4>EV4. 

 TIME_SERIES_ID_COL=['Geography','Platform'] 3 4>76>?OT 5G4G64F< 

=574?56=V <>45?V 4?O >>6=>W G=V>4?L=>W ?4D< ??4FD>D<4-D57V>=. 

 FORECAST_LIMIT_LOWER_BOUND / UPPER_BOUND 3 6EF4=>6?NT 

>5<565==O 4?O 4V4?47>=G ?D>7=>7G, M> 74?>5V74T 75=5D4FVW =5D54?VEF<G=<E 

7=4G5=L. $V=4?L=5 ?D>7=>7>64=5 7=4G5==O 6EF4=>6?NTFLEO 74 4>?><>7>N 

<4ELF45>64=>7> ?>7VF-?5D5F6>D5==O, O>5 <4T D>D<G?G:  � = log	(� 2 �� 2 �) 
45 � 3 FORECAST_LIMIT_LOWER_BOUND, �- 

FORECAST_LIMIT_UPPER_BOUND 

�5<565==O ?> lifetime 3 180 4=V6 3 =5 T 4>6V?L=<<, 4 7G<>6?5=5 

E?5F<DV>>N =4L>W 7444GV: << D>D<GT<> ?D>7=>7< =4 >E=>6V >>7>DF 

>>D<EFG64GV6, 4?O O><E 665 =4>>?<G5=> ?>6=V D4>F<G=V 44=V 4> 180-7> 4=O 

6<FFO. &5 74557?5GGT =44V==G 5<?VD<G=G 547G 4?O ?>5G4>6< <>45?V. ' F>= 65 

G4E FV?L>6<< 7>D<7>=F>< ?D>7=>7G64==O T 365-= 45=L, F>6 <>45?L ARIMA <4T 

74 4>?><>7>N 4=4?V7G ?4F5D=V6 ?5DL>W ?>?>6<=< 6<FFT6>7> F<>?G 

5>EFD4?>?N64F< ?>654V=>G >>D<EFG64GV6 =4 4DG7G ?>?>6<=G. &4><< G<=><, 180 

4=V6 3 F5 >?F<<4?L=<= 54?4=E <V6 4>EF4F=V< >5EO7>< VEF>D<G=<E 44=<E V 

=5>5EV4=>N 7?<5<=>N ?D>7=>7G.  
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&45?<FO 3.1. �4D4<5FD< <>45?5= ARIMA_PLUS 

geo net p d q 

has_

drift 

log_pr

obabil

ity AIC 

varia

nce 

seasonal_pe

riods 

has_hol

iday_ef

fect 

has_spi

kes_and

_dips 

has_st

ep_cha

nges 

Unite

d 

State

s 

Appl

e 

Searc

h 

Ads 0 2 2 0 112 -218 0.01 [WEEKLY] 0 1 0 

Unite

d 

State

s 

Adw

ords 0 1 3 1 -166 342 0.39 [WEEKLY] 0 1 0 

Unite

d 

State

s 

Face

book 1 1 2 1 -79 169 0.15 [WEEKLY] 0 0 0 

�65D5?>: E>?445=> =4 >E=>6V D>7D4EG=>V6 46F>D4 

�4EFG?=<< 5F4?>< T 557?>E5D54=V= 74?GE> ?D>7=>7V6 =4 ?>5G4>64=<E 

<>45?OE. �D>7=>7G64==O 6<>>=GTFLEO >4D47G 4?O >V?L>>E <>45?5= 74 

4>?><>7>N >><4=4< ML.FORECAST, O>4 6<>>D<EF>6GTFLEO G 6<7?O4V 

>5'T4=4==O (UNION ALL) 4?O GEVE D5?564=F=<E <>45?5=. �?O >>6=>W 7 =<E 

?D>7=>7 74V=E=NTFLEO =4 7>D<7>=FV 180 4=V6 ?D< 4>6VDG><G V=F5D64?V 90%. 

�>65= ?D>7=>7>64=<= DO4>> <VEF<FL: 

 44FG ?D>7=>7G (forecast_timestamp); 

 7=4G5==O ?D>7=>7G (forecast_value); 

 =<6=N <56G V=F5D64?G 4>6VD< (prediction_interval_lower_bound); 

 V45=F<DV>4F>D <>45?V (Forecast_Model). 

�FD<<4=V D57G?LF4F< >5'T4=GNFLEO 7 D4>F<G=<<< FD4=74>FV==<<< 44=<<< 

7 F45?<FV Forecasting_iOS, M> 4>76>?OT 74V=E=<F< ?>DV6=O?L=<= 4=4?V7 <V6 

?D>7=>7>64=<<< 7=4G5==O<< F4 D54?L=<< 4>E>4><. $57G?LF4F< 755DV74NFLEO G 

F45?<FN ios_forecasting_monitoring (F45?.3.2), 45 M>4=O 755DV74TFLEO 7DV7 7: 
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 44F>N 4DEV64FVW (archive_date); 

 D57V>=>< V ??4FD>D<>N; 

 7474?L=<< ?D>7=>7>64=<< 7=4G5==O< 4>E>4G; 

 D4>F<G=<< 4>E>4><. 

&45?<FO 3.2. �D<>?44< ?D>D4EG=>V6 6 F45?<FV ios_forecasting_monitoring 

archive_date geography platform forecast revenue 

07.03.2025 United States Adwords 5080 4512 

07.03.2025 United States Apple Search Ads 44668 37190 

07.03.2025 United States Facebook 12577 11262 

 �65D5?>: E>?445=> =4 >E=>6V D>7D4EG=>V6 46F>D4 

�?O 74557?5G5==O >>=FD>?N O>>EFV <>45?5= EF6>D5=4 >>D5<4 ?V4E<EF5<4 

>FV=>< WE F>G=>EFV. �>7V>4 ?>?O74T 6 >5G<E?5==V E?V66V4=>L5==O <V6 D54?L=<< 

4>E>4>< F4 ?D>7=>7>< 4?O >>6=>W <>45?V (revenue / forecast). />M> 44=5 

E?V66V4=>L5==O 6<E>4<FL 74 <56V 4>?GEF<<>7> 4V4?47>=G, <>45?L 46F><4F<G=> 

<4D>GTFLEO O> F4>4, M> <4T "5>EFD<<4?L=5 6V4E<?5==O". 

�4F5<4F<G=> F5 D54?V7>64=> G5D57 ?>DV6=O==O 7=4G5==O ratio (6V4=>L5==O 

revenue 4> forecast) V7 E5D54=V< 7=4G5==O< mean F4 EF4=44DF=<< 6V4E<?5==O< 

std_dev, O>V D>7D4E>6GNFLEO ?> 6EV= F45?<FV <>=VF>D<=7G. />M>: 

 E?V66V4=>L5==O E<?L=> 6V4DV7=OTFLEO 6V4 E5D54=L>7> (5V?LL5 =V6 =4 FD< 

EF4=44DF=<E 6V4E<?5==O), 

 45> 7=4G5==O <5=L5 0.5 (?D>7=>7 746<M5=<= 646VGV), 

 45> 5V?LL5 2 (?D>7=>7 74=<65=<= 646VGV), 

F>4V F4>G <>45?L 66464NFL =5EF45V?L=>N. �EV 6<?44>< F4><E 6V4E<?5=L 
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755DV74NFLEO G F45?<FV ios_bad_performance. 

�E>5?<6>W G647< 74E?G7>6GT 4>44F>>6<= >>=FD>?L: O>M> ?D>FO7>< 

>EF4==VE 7 4=V6 ?>E?V?L 4?O ?56=>W <>45?V DV>EGNFLEO 5>EFD5<4?L=V 

6V4E<?5==O, 6>=4 ?>FD4??OT G E?5FV4?L=G F45?<FN ios_bad_table, O>4 E<7=4?V7GT 

?D> =5>5EV4=VEFL ?5D57?O4G ?4D4<5FDV6 <>45?V 45> ?5D5FD5=G64==O =4 =>6<E 

44=<E. &4><< G<=><, ?V4FD<<GTFLEO 54?4=E <V6 46F><4F<74FVTN ?D>F5EG 

<>45?N64==O F4 O>VE=<< >>=FD>?5< =>7> D57G?LF4FV6. 

 

3.4 �?F<<V74FVO ARIMA <>45?5= ?D< EF6>D5==V ?D>7=>7V6  

�D< 4>4464==V <>45?V 4> F45?<FV ios_bad_table, 6>=4 ?>FD4??OT 6 

>?F<<V74FV==G ?D>F54GDG, O>4 4>76>?OT 46F><4F<G=> ?>>D4MG64F< ?>>47=<>< 

<>45?V. �6464NG< =4 65?<>G >V?L>VEFL <>45?5=, M> 6<>>D<EF>6GNFLEO 4?O 

DV7=<E >><5V=4FV= 75>7D4DVG=>7> D>7F4LG64==O F4 <4D>5F<=7>6<E EVF>>, 5G?> 

D54?V7>64=> 7=GG>G ?D>F54GDG 46F><4F<7>64=>W >?F<<V74FVW <>45?5= ARIMA G 

BigQuery, O>4 6D4E>6GT 7<V==V 6EV4=V ?4D4<5FD<, ?D>6>4<FL =46G4==O <>45?5=, 

>FV=NT WE=N O>VEFL F4 74557?5GGT <>=VF>D<=7 =4 DV6=V ?D>44>L=. 

�?NG>6<< ?D<=F<?>< D54?V74FVW T F5, M> <>45?V =5 EF6>DNNFLEO D47>6> 

= EF4F<G=>. �4<VEFL FL>7>, 4?O >>6=>W <>45?V 74744?57V4L 6<7=4G4TFLEO =<7>4 

7V?5D?4D4<5FDV6, O>4 >?<EGTFLEO G5D57 464 7=4G5==O: =<6=N <56G (lower 

bound) F4 65DE=N <56G (upper bound). &V ?4D4<5FD< 6<7=4G4NFL <V=V<4?L=V 

<56V ?D>7=>7>64=<E 7=4G5=L, O> << 665 747=4G4?< D4=VL5. �?O DV7=<E <>45?5= 

(F>5F> >><5V=4FV= 75>7D4DVW F4 ??4FD>D<<) ?5D5454G4NFLEO DV7=V ?D46<?4 

75=5D4FVW ?4D4<5FDV6. �4?D<>?44, 45O>V <>45?V ?5D5454G4NFL ?<L5 7<V=G 

=<6=L>W <56V ?D< DV>E>64=V= 65DE=V=, F>4V O> V=LV 4>76>?ONFL 64DVN64F< 

>5<46V <56V >4=>G4E=>, M> 75=5DGT L<DL<= ?D>EFVD >><5V=4FV=.  

�D< >>6=V= >><5V=4FVW ?4D4<5FDV6 <>45?NTFLEO >>D5<4 ARIMA <>45?L, 

D57G?LF4F< ?D>7=>7G64==O, O>>W ?>DV6=NNFLEO 7 =4O6=<<< =5?>6=<<< 

D4>F<G=<<<  44=<<<. �4 >E=>6V FL>7> D>7D4E>6GTFLEO E5D54=O 45E>?NF=4 
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?>E<5>4 (MAE), O>4 6<EFG?4T 7>?>6=<< >D<F5DVT< O>>EFV <>45?V. �FV=>4 MAE 

?D>6>4<FLEO >>D5<> 4?O 46>E EF5=4DVW6: 

 �E=>6=<= (central) 4 547GTFLEO =4 ?D>7=>7=><G 7=4G5==V 4>E>4G. 

 �>=E5D64F<6=<= (pessimistic) 4 547GTFLEO =4 =<6=V= <56V 4>6VDG>7> 

V=F5D64?G. 

&4><= ?V4EV4 4>76>?OT ?>DV6=OF< EF5=4DVW 7 DV7=<< EFG?5=5< D<7<>G: 

>E=>6=<= ?D>7=>7 6V4>5D464T =4=V<>6VD=VLG FD4T>F>DVN 4>E>4G, F>4V O> 

?5E<<VEF<G=<= 4>76>?OT ?>54G<F<, =4E>V?L>< <>65 ?D>EVEF< 4>EV4 G 

=4=7VDL><G 6<?44>G. �VE?O >FD<<4==O 7=4G5=L MAE 4?O 6EVE >><5V=4FV= 

?4D4<5FDV6 4?O >>6=>W <>45?V 6<>>=GTFLEO 46F><4F<G=<= 6<5VD =4=>D4M>W 

>>=DV7GD4FVW. �4==<6G5 7=4G5==O MAE E5D54 GEVE 64DV4=FV6 66464TFLEO 

>?F<<4?L=<<, V 755DV74TFLEO 6V4?>6V4=4 ?4D4 <56 (lower bound / upper bound) 

D47>< V7 F<?>< >5D4=>7> EF5=4DVN (>E=>6=>7> 45> >>=E5D64F<6=>7>). &O 

V=D>D<4FVO F5=FD4?V7>64=> DV>EGTFLEO G F45?<FV ?4D4<5FDV6 <>45?5=, O>4 

6<>>D<EF>6GTFLEO 4?O =4EFG?=<E >D>>V6. �?<E4=4 ?D>F54GD4 T ?>6=VEFN 

46F><4F<7>64=>N F4 <4ELF45>64=>N. �>4464==O =>6>W <>45?V (=4?D<>?44, 4?O 

=>6>7> D<=>G 45> =>6>7> F<?G >>D<EFG64GV6) 6<<474T ?<L5 6=5E5==O WW 

?4D4<5FDV6 4> 6V4?>6V4=>7> E?<E>G. 'EO V=L4 ?>7V>4 4 6V4 EF6>D5==O 

?4D4<5FDV6 4> 6<5>DG =4=>D4M>7> 64DV4=FG 4 6<>>=GTFLEO 46F><4F<G=>.  

�VE?O ?5D5D4EG=>G <>45?5= 7 ?D>F54GD< =4EFG?4T DV=4?L=<= 5F4? 

E<EF5<4F<7>64=>7> >5D4EG=>G ?D>7=>7V6 7 <>45?V ARIMA_PLUS.  �E=>6=4 

<5F4 74>?NG=>7> ?D>F5EG 4 6<O6<F< ?>F5=FV==V 6V4E<?5==O D4>F<G=<E 

4>E>4V6 (revenue) 6V4 ?D>7=>7>64=<E 7=4G5=L (forecast) F4 E>>D<7G64F< 

?D>7=>7< 74 4>?><>7>N <=>6=<>V6, ED>D<>64=<E =4 547V D>7?>4V?G 

D4>F<G=<E/?D>7=>7=<E E?V66V4=>L5=L. �4 ?>G4F>G 5F4?G 6<>>=GTFLEO 

>G<M5==O F45?<FV ios_monitoring_adjust 6V4 74?<EV6 74 ?>F>G=G 44FG 4DEV64FVW. 

&5 74D4=FGT, M> 6EV ?>44?LLV 44=V 5G4GFL >=>6?5=V 4>FG4?L=<<< 7=4G5==O<<, 

557 =4>?445==O =4EF4DV?<E D57G?LF4FV6. �4?V 6<>>=GTFLEO 6EF46>4 =>6<E 
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7=4G5=L, O>V 547GNFLEO =4 ?>7VFV ?5D5D4EG=>G E>>D<7>64=<E ?D>7=>7V6 (adjusted 

forecast). 

&5=FD4?L=<< 5?5<5=F>< ?D>F5EG T D>7D4EG=>> >>5DVFVT=F4 ratio, O><= 

6<7=4G4T E?V66V4=>L5==O <V6 D4>F<G=<< 4>E>4>< V ?D>7=>7><: revenue / 

forecast. &5 4>76>?OT 7D>7G<VF<, =4E>V?L>< D54?L=V ?>>47=<>< 6V4DV7=ONFLEO 6V4 

>GV>G64=<E. �VE?O >FD<<4==O <4E<6G >>5DVFVT=FV6 ratio, E<EF5<4 D>7D4E>6GT 

<V6>64DF<?L=<= D>7<4E (IQR) 4 F5 DV7=<FO <V6 75-< V 25-< ?D>F5=F<?5< 

D>7?>4V?G. �<>>D<EF4==O IQR 4>76>?OT 6<O6<F< <56V =>D<4?L=<E >>?<64=L G 

E?V66V4=>L5==OE. />M> ratio 6<E>4<FL 74 <56V FVTW 7>=<, F5 <>65 E6V4G<F< ?D> 

4=><4?VN 6 ?D>7=>7V. 

�4 547V F<E D>7D4EG=>V6 D>D<GTFLEO 4<=4<VG=<= <=>6=<> (multiplicator) 

4?O >>D<7G64==O ?D>7=>7G. �V= 547GTFLEO =4 ?V4=OFFV ratio 4> EFG?5=O, M> 

6D4E>6GT 65?<G<=G IQR. &4><= ?V4EV4 4>76>?OT =5 ?D>EF> <4ELF45G64F< 

?D>7=>7, 4 D>5<F< F5 7 GD4EG64==O< F>7>, =4E>V?L>< E<?L=5 6V4E<?5==O T 6V4 

"=>D<4?L=>7>" D>7?>4V?G 7=4G5=L. 

�4?V, 4?O >>6=>7> 6<?44>G 74V=E=NTFLEO ?5D56VD>4 G<>6 (check). />M> 

ratio <5=L5 25-7> ?D>F5=F<?O 45> O>M> D4>F<G=V 4>E>4< ?5D56<MGNFL 

?D>7=>7, F>4V ?D>7=>7 =5 7<V=NTFLEO, F>5F> <=>6=<> =5 74EF>E>6GTFLEO. &5 

D>5<FLEO 4?O F>7>, M>5 G=<>=GF< 74=6>7> >>D<7G64==O 6 E<FG4FVOE, 45 4>E>4< 

665 ?5D56<M<?< >GV>G64==O 45> E?V66V4=>L5==O T =<6G<< 74 "=>D<G". 

�4E4<>V=5FL, >5G<E?NTFLEO DV=4?L=5 7=4G5==O E>>D<7>64=>7> ?D>7=>7G: O>M> 

?5D56VD>4 (check) 4>DV6=NT =G?N (F>5F> =5>5EV4=5 >>D<7G64==O), F> ?D>7=>7 

<4ELF45GTFLEO 74 4>?><>7>N >5G<E?5=>7> <=>6=<>4, V=4>L5 ?<L4TFLEO 557 

7<V=. $57G?LF4F< >V=F56>7> >5G<E?5==O ?D>7=>7>64=>7> 7=4G5==O F4 WE 

?>DV6=O==O 7 D4>F<G=<< =46545=V 6 F45?<FV 3.3. 
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&45?<FO 3.3. $57G?LF4F< 6V4?D4FN64==O <>45?5= 

geography platform MAE RMSE 

United States TikTok 35 71 

United States Facebook 54 53 

United States Apple Search Ads 154 143 

�65D5?>: E>?445=> =4 >E=>6V D>7D4EG=>V6 46F>D4 

 � <5F>N <>=VF>D<=7G D57G?LF4FV6 ?D>7=>7G, D>7D>5?5=> V=F5D4>F<6=<= 

44L5>D4 6 Looker Studio, O><= 4>76>?OT >FV=<F< 5D5>F<6=VEFL D>5>F< <>45?5= 

(D<E. 3.2). 

$<E 3.2. Boxplot-7D4DV>< 6V4=>L5==O ?D>7=>7>64=<E 7=4G5=L 4> D4>F<G=<E 

�65D5?>: E>?445=> =4 >E=>6V D>7D4EG=>V6 46F>D4 

�V=F56<< D57G?LF4F>< ?D>7=>7G64==O T ?>T4=4==O <5F>4G ?4=FN7>6<E 

>>5DVFVT=FV6 7 D57G?LF4F4<< D>5>F< <>45?V ARIMA_PLUS. �5DL<= >D>> 4 

6<44?5==O EF4D<E 74?<EV6 7 F45?<FV Coef_GP, 45 >><5V=4FVO 75>7D4DVW F4 

??4FD>D<< ?D<EGF=O G ?4D4<5FD4E 4>F<6=<E <>45?5= ?D>7=>7G64==O 

(ios_model_params). &5 74557?5GGT FV?VE=VEFL >=>6?5=>W V=D>D<4FVW, G=<>4NG< 

=4>?445==O 74EF4DV?<E >>5DVFVT=FV6. 

�VE?O FL>7> E<EF5<4 74V=E=NT D>7D4EG=>> =>6<E >>5DVFVT=FV6. �?O FL>7> 

E?>G4F>G 47D57GNFLEO 44=V ?D> 4>E>4< >>D<EFG64GV6 74 ?56=V ?5DV>4<: 0, 3, 7, 

14, 30, 60, 90 F4 180 4=V6 7 <><5=FG WE=L>7> 74?GG5==O. �?O >>6=>7> ?5DV>4G 
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>5G<E?NTFLEO EG<4D=4 64DFVEFL FD4=74>FV=. �4 547V F<E 7=4G5=L 

D>7D4E>6GNFLEO >>5DVFVT=F< 7D>EF4==O, O>V ?>>47GNFL, =4E>V?L>< 7D>EF4T EG<4 

4>E>4G <V6 747=4G5=<<< ?5DV>44<<. �4?D<>?44, Coef_3 4 F5 E?V66V4=>L5==O 

<V6 4>E>44<< 74 3 4=V V 4>E>44<< 74 0 4=V6, 4 Coef_30 4 <V6 30 F4 14 4=O<<. 

�E>5?<65 7=4G5==O <4T >>5DVFVT=F Coef_360, O><= 6D4E>6GT ?D>7=>7>64=V 

7=4G5==O =4 180 4=V6 G <4=5GF=L><G, >FD<<4=V 74 4>?><>7>N ARIMA-<>45?5=. 

�V= >5G<E?NTFLEO O> E?V66V4=>L5==O <V6 EG<>N 4>E>4V6 74 ?>?5D54=V 180 4=V6 

F4 EG<>N, >FD<<4=>N ?VE?O 4>4464==O ?D>7=>7>64=>7> 4>E>4G =4 180 4=V6. &5= 

>>5DVFVT=F 44T 7<>7G >FV=<F< >GV>G64=<= ?D<DVEF G 6<?44>4E, >>?< G4EF<=4 

44=<E M5 =5 D54?V7>64=4 D4>F<G=>. �D>7=>7>64=V 7=4G5==O =4 180 4=V6 6?5D54 

D>D<GNFLEO 74 4>?><>7>N >59T4=4==O 45>V?L>>E ARIMA-<>45?5=, M> 

=4?564FL 4> DV7=<E >4=4?V6 74?GG5==O >>D<EFG64GV6. �4?D<>?44, <>45?V 

arima_ios_us_fb, arima_ios_ww_ap, arima_ios_us_org F>M> 6V4?>6V44NFL 74 

E?5F<DV>G DV7=<E ??4FD>D< 45> 75>7D4DV=. �59T4=4==O D57G?LF4FV6 7 GEVE F<E 

<>45?5= 4>76>?OT >FD<<4F< ?>6=5 GO6?5==O ?D> EG<4D=<= ?D>7=>7. 

�>65= ?D>7=>7 <>65 5GF< <>4<DV>>64=<= <=>6=<>>< (multiplicator), 

O>M> 6 <>=VF>D<=7>6V= F45?<FV 6V4?>6V4=>7> D57V>=G F4 ??4FD>D<< 

6EF4=>6?5=<= check = 1. ' FL><G 6<?44>G 4> EG<< ?D>7=>7V6 4>44TFLEO 

<=>6=<>, O><= 4>76>?OT 6D4EG64F< 4=><4?L=V 7<V=< 6 FD5=44E, O>V =5 5G?< 

74DV>E>64=V 6 ?>?5D54=VE ?5DV>44E. �=4>L5 4 6<>>D<EF>6GNFLEO «G<EFV» 

?D>7=>7< 7 <>45?5=. 

� D57G?LF4FV >FD<<4=V >>5DVFVT=F< 74?<EGNFLEO 6 F45?<FN Coef_GP, V 

EF4NFL >E=>6>N 4?O ?>44?LL>7> D>7D4EG=>G ?D>7=>7=<E 7=4G5=L 4>E>4G 

>>D<EFG64GV6 G 74?56=>EFV 6V4 WE=L>7> «6V>G» 6 E<EF5<V F4 <5F>4>< 74?GG5==O. 

�464O>< 46F><4F<74FVW =4 547V BigQuery, FO <>45?L 74557?5GGT 6<E>>G F>G=VEFL, 

<4ELF45>64=VEFL V ?D4>F<G=G FV==VEFL, 4>76>?ONG< =5 ?<L5 ?5D5454G4F< 

<4=5GF=V 4>E>4<, 4?5 = 444?FG64F< <4D>5F<=7>6V EFD4F57VW 4?O <4>E<<V74FVW 

?D<5GF>>6>EFV 6 >>=>GD5=F=><G E5D54>6<MV.  
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��%����� 

�4=4 >64?VDV>4FV==4 D>5>F4 ?D<E6OG5=4 EF6>D5==N 5D5>F<6=>7>, 

46F><4F<7>64=>7> F4 <4ELF45>64=>7> <5F>4G ?D>7=>7G64==O 4>E>4V6 6V4 
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