
Garden of Forking Data

• !e future:
• Full of branching paths
• Each choice closes some

• !e data:
• Many possible events
• Each observation eliminates some
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3 paths consistent with data
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Garden of Forking Data
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'ĶĴłĿĲ Ɗ�Ƌ� "ęFS FMJNJOBUJOH QBUIT JODPOTJTUFOU XJUI UIF PCTFSWFE TF�
RVFODF POMZ � PG UIF �� QBUIT SFNBJO�

DPNFT GSPN DPNQBSJOH UIJT DPVOU UP UIF OVNCFST PG XBZT FBDI PG UIF PUIFS DPOKFDUVSFT PG UIF
CBH�T DPOUFOUT DPVME QSPEVDF UIF TBNF EBUB� 'PS FYBNQMF DPOTJEFS UIF DPOKFDUVSF < >�
ćFSF BSF [FSP XBZT GPS UIJT DPOKFDUVSF UP QSPEVDF UIF PCTFSWFE EBUB CFDBVTF FWFO POF JT
MPHJDBMMZ JODPNQBUJCMF XJUI JU� ćF DPOKFDUVSF < > JT MJLFXJTF MPHJDBMMZ JODPNQBUJCMF
XJUI UIF EBUB� 4P XF DBO FMJNJOBUF UIFTF UXP DPOKFDUVSFT CFDBVTF OFJUIFS QSPWJEFT FWFO B
TJOHMF QBUI UIBU JT DPOTJTUFOU XJUI UIF EBUB�

'ĶĴłĿĲ Ɗ�ƌ EJTQMBZT UIF GVMM HBSEFO OPX GPS UIF SFNBJOJOH UISFF DPOKFDUVSFT� < >
< > BOE < >� ćF VQQFS�MFę XFEHF EJTQMBZT UIF TBNF HBSEFO BT 'ĶĴłĿĲ Ɗ�Ƌ�
ćF VQQFS�SJHIU TIPXT UIF BOBMPHPVT HBSEFO GPS UIF DPOKFDUVSF UIBU UIF CBH DPOUBJOT � CMVF
NBSCMFT BOE � XIJUF NBSCMF� "OE UIF CPUUPN XFEHF TIPXT UIF HBSEFO GPS � CMVF BOE � XIJUF
NBSCMFT� /PX XF DPVOU VQ BMM PG UIF XBZT FBDI DPOKFDUVSF DPVME QSPEVDF UIF PCTFSWFE EBUB�
'PS � CMVF BOE � XIJUF UIFSF BSF � XBZT BT XF DPVOUFE BMSFBEZ� 'PS � CMVF BOE � XIJUF
UIFSF BSF � QBUIT GPSLJOH UISPVHI UIF HBSEFO UIBU BSF MPHJDBMMZ DPOTJTUFOU XJUI UIF PCTFSWFE
TFRVFODF� 'PS � CMVF BOE � XIJUF UIFSF BSF � QBUIT UIBU TVSWJWF�

5P TVNNBSJ[F XF�WF DPOTJEFSFE ĕWF EJČFSFOU DPOKFDUVSFT BCPVU UIF DPOUFOUT PG UIF CBH
SBOHJOH GSPN [FSP CMVF NBSCMFT UP GPVS CMVF NBSCMFT� 'PS FBDI PG UIFTF DPOKFDUVSFT XF�WF
DPVOUFE VQ IPXNBOZ TFRVFODFT QBUIT UISPVHI UIF HBSEFO PG GPSLJOH EBUB DPVME QPUFOUJBMMZ
QSPEVDF UIF PCTFSWFE EBUB �

$POKFDUVSF 8BZT UP QSPEVDF
< > � × � × � = �
< > � × � × � = �
< > � × � × � = �
< > � × � × � = �
< > � × � × � = �

/PUJDF UIBU UIF OVNCFS PG XBZT UP QSPEVDF UIF EBUB GPS FBDI DPOKFDUVSF DBO CF DPNQVUFE
CZ ĕSTU DPVOUJOH UIF OVNCFS PG QBUIT JO FBDI iSJOHw PG UIF HBSEFO BOE UIFO CZ NVMUJQMZJOH
UIFTF DPVOUT UPHFUIFS� ćJT JT KVTU B DPNQVUBUJPOBM EFWJDF� *U UFMMT VT UIF TBNF UIJOH BT 'ĶĴ�
łĿĲ Ɗ�ƌ CVU XJUIPVU IBWJOH UP ESBX UIF HBSEFO� ćF GBDU UIBU OVNCFST BSF NVMUJQMJFE EVSJOH
DBMDVMBUJPO EPFTO�U DIBOHF UIF GBDU UIBU UIJT JT TUJMM KVTU DPVOUJOH PG MPHJDBMMZ QPTTJCMF QBUIT�



Updating
Another draw from the bag:
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TJNQMF DPVOUJOH BOE DPNQBSJOH QSPDFEVSF EFTQJUF IPX TJNQMF�NJOEFE JU TFFNT� *O UIF MBSHF XPSME
UIFSF BSF OP HVBSBOUFFT� 8F BSF TUJMM CVJMEJOH HPMFNT SFDBMM� #VU UIF NBOZ TVDDFTTGVM SFBM�XPSME
BQQMJDBUJPOT PG #BZFTJBO JOGFSFODF NBZ CF BMM UIF KVTUJĕDBUJPO ZPV OFFE� ��UI DFOUVSZ PQQPOFOUT
PG #BZFTJBO EBUB BOBMZTJT PODF BSHVFE UIBU #BZFTJBO JOGFSFODF XBT FBTZ UP KVTUJGZ CVU IBSE UP BQQMZ���
ćBU JT MVDLJMZ OP MPOHFS USVF� +VTU CF DBSFGVM OPU UP BTTVNF UIBU CFDBVTF #BZFTJBO JOGFSFODF JT KVTUJĕFE
UIBU OP PUIFS BQQSPBDI DBO BMTP CF KVTUJĕFE� (PMFNT DPNF JO NBOZ UZQFT BOE TPNF PG BMM UZQFT BSF
VTFGVM�

������ 6TJOH QSJPS JOGPSNBUJPO� 8F NBZ IBWF QSJPS JOGPSNBUJPO BCPVU UIF SFMBUJWF QMBV�
TJCJMJUZ PG FBDI DPOKFDUVSF� ćJT QSJPS JOGPSNBUJPO DPVME BSJTF GSPN LOPXMFEHF PG IPX UIF
DPOUFOUT PG UIF CBH XFSF HFOFSBUFE� *U DPVME BMTP BSJTF GSPN QSFWJPVT EBUB� &JUIFS XBZ JO PS�
EFS UP DPNQBSF UIF DPOKFDUVSFT JU XPVME IFMQ UP IBWF B XBZ UP VTF QSJPS JOGPSNBUJPO� -VDLJMZ
UIFSF JT B OBUVSBM TPMVUJPO UIBU TPMWFT CPUI QSPCMFNT BU UIF TBNF UJNF�

5P HSBTQ UIF TPMVUJPO TVQQPTF XF�SF XJMMJOH UP TBZ FBDI DPOKFDUVSF JT FRVBMMZ QMBVTJCMF BU
UIF TUBSU� 4P XF KVTU DPNQBSF UIF DPVOUT PG XBZT JO XIJDI FBDI DPOKFDUVSF JT DPNQBUJCMF XJUI
UIF PCTFSWFE EBUB� ćJT DPNQBSJTPO TVHHFTUT UIBU < > JT TMJHIUMZ NPSF QMBVTJCMF UIBO
< > BOE CPUI BSF BCPVU UISFF UJNFT NPSF QMBVTJCMF UIBO < >�

/PX TVQQPTF XF ESBX BOPUIFS NBSCMF GSPN UIF CBH UP HFU BOPUIFS PCTFSWBUJPO� � /PX
ZPV IBWF UXP DIPJDFT� :PV DPVME TUBSU BMM PWFS BHBJO NBLJOH B HBSEFOXJUI GPVS MBZFST UP USBDF
PVU UIF QBUIT DPNQBUJCMF XJUI UIF EBUB TFRVFODF � 0S ZPV DPVME UBLF UIF QSFWJPVT
DPVOUT PWFS DPOKFDUVSFT 	� � � � �
 BOE KVTU VQEBUF UIFN JO MJHIU PG UIF OFX PCTFSWBUJPO�
*U UVSOT PVU UIBU UIFTF UXP NFUIPET BSF NBUIFNBUJDBMMZ JEFOUJDBM� "T MPOH BT UIF OFX PCTFS�
WBUJPO JT MPHJDBMMZ JOEFQFOEFOU PG UIF QSFWJPVT PCTFSWBUJPOT�

)FSF�T IPX UP EP JU� 'JSTU XF DPVOU UIF OVNCFST PG XBZT FBDI DPOKFDUVSF DPVME QSPEVDF
UIF OFX PCTFSWBUJPO � ćFOXFNVMUJQMZ FBDI PG UIFTF OFX DPVOUT CZ UIF QSFWJPVT OVNCFST
PG XBZT GPS FBDI DPOKFDUVSF� *O UBCMF GPSN�

$POKFDUVSF 8BZT UP QSPEVDF 1SFWJPVT DPVOUT /FX DPVOU
< > � � � × � = �
< > � � � × � = �
< > � � � × � = ��
< > � � � × � = ��
< > � � � × � = �

ćF OFX DPVOUT JO UIF SJHIUIBOE DPMVNO BCPWF TVNNBSJ[F BMM UIF FWJEFODF GPS FBDI DPOKFD�
UVSF� "T OFX EBUB BSSJWF BOE QSPWJEFE UIPTF EBUB BSF JOEFQFOEFOU PG QSFWJPVT PCTFSWBUJPOT
UIFO UIF OVNCFS PG MPHJDBMMZ QPTTJCMF XBZT GPS B DPOKFDUVSF UP QSPEVDF BMM UIF EBUB VQ UP UIBU
QPJOU DBO CF DPNQVUFE KVTU CZ NVMUJQMZJOH UIF OFX DPVOU CZ UIF PME DPVOU�

ćJT VQEBUJOH BQQSPBDI BNPVOUT UP OPUIJOH NPSF UIBO BTTFSUJOH UIBU 	�
 XIFO XF IBWF
QSFWJPVT JOGPSNBUJPO TVHHFTUJOH UIFSF BSF 8QSJPS XBZT GPS B DPOKFDUVSF UP QSPEVDF B QSFWJPVT
PCTFSWBUJPO %QSJPS BOE 	�
 XF BDRVJSF OFX PCTFSWBUJPOT %OFX UIBU UIF TBNF DPOKFDUVSF DBO
QSPEVDF JO 8OFX XBZT UIFO 	�
 UIF OVNCFS PG XBZT UIF DPOKFDUVSF DBO BDDPVOU GPS CPUI
%QSJPS BT XFMM BT %OFX JT KVTU UIF QSPEVDU 8QSJPS × 8OFX� 'PS FYBNQMF JO UIF UBCMF BCPWF UIF
DPOKFDUVSF < > IBT 8QSJPS = � XBZT UP QSPEVDF %QSJPS = � *U BMTP IBT 8OFX = �
XBZT UP QSPEVDF UIF OFX PCTFSWBUJPO %OFX = � 4P UIFSF BSF � × � = �� XBZT GPS UIF
DPOKFDUVSF UP QSPEVDF CPUI %QSJPS BOE %OFX� 8IZ NVMUJQMZ .VMUJQMJDBUJPO JT KVTU B TIPSUDVU
UP FOVNFSBUJOH BOE DPVOUJOH VQ BMM PG UIF QBUIT UISPVHI UIF HBSEFO UIBU DPVME QSPEVDF BMM
UIF PCTFSWBUJPOT�
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Using other information
marbles rare, but every bag contains at least one. Factory says:
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*O UIJT FYBNQMF UIF QSJPS EBUB BOE OFX EBUB BSF PG UIF TBNF UZQF� NBSCMFT ESBXO GSPN
UIF CBH� #VU JO HFOFSBM UIF QSJPS EBUB BOE OFX EBUB DBO CF PG EJČFSFOU UZQFT� 4VQQPTF GPS
FYBNQMF UIBU TPNFPOF GSPN UIF NBSCMF GBDUPSZ UFMMT ZPV UIBU CMVF NBSCMFT BSF SBSF� 4P GPS
FWFSZ CBH DPOUBJOJOH < > UIFZNBEF � CBHT DPOUBJOJOH < > BOE � CBHT DPOUBJO�
JOH < >� ćFZ BMTP FOTVSFE UIBU FWFSZ CBH DPOUBJOFE BU MFBTU POF CMVF BOE POF XIJUF
NBSCMF� 8F DBO VQEBUF PVS DPVOUT BHBJO�

$POKFDUVSF 1SJPS XBZT 'BDUPSZ DPVOU /FX DPVOU
< > � � � × � = �
< > � � � × � = �
< > �� � �� × � = ��
< > �� � �� × � = ��
< > � � � × � = �

/PX UIF DPOKFDUVSF < > JT NPTU QMBVTJCMF CVU CBSFMZ CFUUFS UIBO < >� *T UIFSF B
UISFTIPME EJČFSFODF JO UIFTF DPVOUT BU XIJDI XF DBO TBGFMZ EFDJEF UIBU POF PG UIF DPOKFDUVSFT
JT UIF DPSSFDU POF :PV�MM TQFOE UIF OFYU DIBQUFS FYQMPSJOH UIBU RVFTUJPO�

3FUIJOLJOH� 0SJHJOBM JHOPSBODF� 8IJDI BTTVNQUJPO TIPVME XF VTF XIFO UIFSF JT OP QSFWJPVT JO�
GPSNBUJPO BCPVU UIF DPOKFDUVSFT ćF NPTU DPNNPO TPMVUJPO JT UP BTTJHO BO FRVBM OVNCFS PG XBZT
UIBU FBDI DPOKFDUVSF DPVME CF DPSSFDU CFGPSF TFFJOH BOZ EBUB� ćJT JT TPNFUJNFT LOPXO BT UIF ĽĿĶĻ�
İĶĽĹĲ ļĳ ĶĻıĶĳĳĲĿĲĻİĲ� XIFO UIFSF JT OP SFBTPO UP TBZ UIBU POF DPOKFDUVSF JT NPSF QMBVTJCMF UIBO
BOPUIFS XFJHI BMM PG UIF DPOKFDUVSFT FRVBMMZ�

'PS UIF TPSU PG QSPCMFNT XF FYBNJOF JO UIJT CPPL UIJT BQQSPBDI JT VTVBMMZ ĕOF BOE JU SFTVMUT
JO JOGFSFODFT WFSZ DPNQBSBCMF UP NBJOTUSFBN OPO�#BZFTJBO BQQSPBDIFT� #VU UIF JTTVF PG DIPPTJOH B
SFQSFTFOUBUJPO PG iJHOPSBODFw JT TVSQSJTJOHMZ DPNQMJDBUFE� ćF JTTVF XJMM BSJTF BHBJO JO MBUFS DIBQUFST�
'PS OPX JU JT JNQPSUBOU UP SFBMJ[F UIBU OPO�#BZFTJBO JOGFSFODF NVTU BMTP NBLF DIPJDFT PG IPX UP
BTTJHO SFMBUJWF XFJHIUT UP DPOKFDUVSFT� 'PS FYBNQMF B UZQJDBM OPO�#BZFTJBO iGSFRVFOUJTUw DPOĕEFODF
JOUFSWBM XFJHIT FRVBMMZ BMM PG UIF QPTTJCMF WBMVFT B QBSBNFUFS DPVME UBLF SFHBSEMFTT PG IPX JNQMBVTJCMF
TPNF PG UIFN BSF�

������ 'SPN DPVOUT UP QSPCBCJMJUZ� *U JT IFMQGVM UP UIJOL PG UIJT TUSBUFHZ BT BEIFSJOH UP B
QSJODJQMF PG IPOFTU JHOPSBODF XIFO XF EPO�U LOPX XIBU DBVTFE UIF EBUB QPTTJCMF DBVTFT UIBU
IBWF NPSF XBZT UP QSPEVDF UIF EBUB BSF NPSF QMBVTJCMF FYQMBOBUJPOT PG UIF EBUB� ćJT MFBET VT
UP DPVOU QBUIT UISPVHI UIF HBSEFO PG GPSLJOH EBUB�

*U�T IBSE UP VTF UIFTF DPVOUT UIPVHI TP XF BMNPTU BMXBZT TUBOEBSEJ[F UIFN JO B XBZ UIBU
USBOTGPSNT UIFN JOUP QSPCBCJMJUJFT� 8IZ JT JU IBSE UP XPSL XJUI UIF DPVOUT 'JSTU TJODF
SFMBUJWF WBMVF JT BMM UIBU NBUUFST UIF TJ[F PG UIF DPVOUT � � BOE � DPOUBJO OP JOGPSNBUJPO PG
WBMVF� ćFZ DPVME KVTU BT FBTJMZ CF �� �� BOE ��� ćF NFBOJOH XPVME CF UIF TBNF� *U�T KVTU
UIF SFMBUJWF WBMVFT UIBU NBUUFS� 4FDPOE BT UIF BNPVOU PG EBUB HSPXT UIF DPVOUT XJMM WFSZ
RVJDLMZ HSPX WFSZ MBSHF BOE CFDPNF EJďDVMU UP NBOJQVMBUF� #Z UIF UJNF XF IBWF �� EBUB
QPJOUT UIFSF BSF BMSFBEZ NPSF UIBO POF NJMMJPO QPTTJCMF TFRVFODFT� 8F�MM XBOU UP BOBMZ[F
EBUB TFUT XJUI UIPVTBOET PG PCTFSWBUJPOT TP FYQMJDJUMZ DPVOUJOH UIFTF UIJOHT JTO�U QSBDUJDBM�

-VDLJMZ UIFSF�T B NBUIFNBUJDBM XBZ UP DPNQSFTT BMM PG UIJT� 4QFDJĕDBMMZ XF EFĕOF UIF
VQEBUFE QMBVTJCJMJUZ PG FBDI QPTTJCMF DPNQPTJUJPO PG UIF CBH BęFS TFFJOH UIF EBUB BT�

QMBVTJCJMJUZ PG < > BęFS TFFJOH
∝

XBZT < > DBO QSPEVDF
×
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*O UIJT FYBNQMF UIF QSJPS EBUB BOE OFX EBUB BSF PG UIF TBNF UZQF� NBSCMFT ESBXO GSPN
UIF CBH� #VU JO HFOFSBM UIF QSJPS EBUB BOE OFX EBUB DBO CF PG EJČFSFOU UZQFT� 4VQQPTF GPS
FYBNQMF UIBU TPNFPOF GSPN UIF NBSCMF GBDUPSZ UFMMT ZPV UIBU CMVF NBSCMFT BSF SBSF� 4P GPS
FWFSZ CBH DPOUBJOJOH < > UIFZNBEF � CBHT DPOUBJOJOH < > BOE � CBHT DPOUBJO�
JOH < >� ćFZ BMTP FOTVSFE UIBU FWFSZ CBH DPOUBJOFE BU MFBTU POF CMVF BOE POF XIJUF
NBSCMF� 8F DBO VQEBUF PVS DPVOUT BHBJO�

$POKFDUVSF 1SJPS XBZT 'BDUPSZ DPVOU /FX DPVOU
< > � � � × � = �
< > � � � × � = �
< > �� � �� × � = ��
< > �� � �� × � = ��
< > � � � × � = �

/PX UIF DPOKFDUVSF < > JT NPTU QMBVTJCMF CVU CBSFMZ CFUUFS UIBO < >� *T UIFSF B
UISFTIPME EJČFSFODF JO UIFTF DPVOUT BU XIJDI XF DBO TBGFMZ EFDJEF UIBU POF PG UIF DPOKFDUVSFT
JT UIF DPSSFDU POF :PV�MM TQFOE UIF OFYU DIBQUFS FYQMPSJOH UIBU RVFTUJPO�

3FUIJOLJOH� 0SJHJOBM JHOPSBODF� 8IJDI BTTVNQUJPO TIPVME XF VTF XIFO UIFSF JT OP QSFWJPVT JO�
GPSNBUJPO BCPVU UIF DPOKFDUVSFT ćF NPTU DPNNPO TPMVUJPO JT UP BTTJHO BO FRVBM OVNCFS PG XBZT
UIBU FBDI DPOKFDUVSF DPVME CF DPSSFDU CFGPSF TFFJOH BOZ EBUB� ćJT JT TPNFUJNFT LOPXO BT UIF ĽĿĶĻ�
İĶĽĹĲ ļĳ ĶĻıĶĳĳĲĿĲĻİĲ� XIFO UIFSF JT OP SFBTPO UP TBZ UIBU POF DPOKFDUVSF JT NPSF QMBVTJCMF UIBO
BOPUIFS XFJHI BMM PG UIF DPOKFDUVSFT FRVBMMZ�

'PS UIF TPSU PG QSPCMFNT XF FYBNJOF JO UIJT CPPL UIJT BQQSPBDI JT VTVBMMZ ĕOF BOE JU SFTVMUT
JO JOGFSFODFT WFSZ DPNQBSBCMF UP NBJOTUSFBN OPO�#BZFTJBO BQQSPBDIFT� #VU UIF JTTVF PG DIPPTJOH B
SFQSFTFOUBUJPO PG iJHOPSBODFw JT TVSQSJTJOHMZ DPNQMJDBUFE� ćF JTTVF XJMM BSJTF BHBJO JO MBUFS DIBQUFST�
'PS OPX JU JT JNQPSUBOU UP SFBMJ[F UIBU OPO�#BZFTJBO JOGFSFODF NVTU BMTP NBLF DIPJDFT PG IPX UP
BTTJHO SFMBUJWF XFJHIUT UP DPOKFDUVSFT� 'PS FYBNQMF B UZQJDBM OPO�#BZFTJBO iGSFRVFOUJTUw DPOĕEFODF
JOUFSWBM XFJHIT FRVBMMZ BMM PG UIF QPTTJCMF WBMVFT B QBSBNFUFS DPVME UBLF SFHBSEMFTT PG IPX JNQMBVTJCMF
TPNF PG UIFN BSF�

������ 'SPN DPVOUT UP QSPCBCJMJUZ� *U JT IFMQGVM UP UIJOL PG UIJT TUSBUFHZ BT BEIFSJOH UP B
QSJODJQMF PG IPOFTU JHOPSBODF XIFO XF EPO�U LOPX XIBU DBVTFE UIF EBUB QPTTJCMF DBVTFT UIBU
IBWF NPSF XBZT UP QSPEVDF UIF EBUB BSF NPSF QMBVTJCMF FYQMBOBUJPOT PG UIF EBUB� ćJT MFBET VT
UP DPVOU QBUIT UISPVHI UIF HBSEFO PG GPSLJOH EBUB�

*U�T IBSE UP VTF UIFTF DPVOUT UIPVHI TP XF BMNPTU BMXBZT TUBOEBSEJ[F UIFN JO B XBZ UIBU
USBOTGPSNT UIFN JOUP QSPCBCJMJUJFT� 8IZ JT JU IBSE UP XPSL XJUI UIF DPVOUT 'JSTU TJODF
SFMBUJWF WBMVF JT BMM UIBU NBUUFST UIF TJ[F PG UIF DPVOUT � � BOE � DPOUBJO OP JOGPSNBUJPO PG
WBMVF� ćFZ DPVME KVTU BT FBTJMZ CF �� �� BOE ��� ćF NFBOJOH XPVME CF UIF TBNF� *U�T KVTU
UIF SFMBUJWF WBMVFT UIBU NBUUFS� 4FDPOE BT UIF BNPVOU PG EBUB HSPXT UIF DPVOUT XJMM WFSZ
RVJDLMZ HSPX WFSZ MBSHF BOE CFDPNF EJďDVMU UP NBOJQVMBUF� #Z UIF UJNF XF IBWF �� EBUB
QPJOUT UIFSF BSF BMSFBEZ NPSF UIBO POF NJMMJPO QPTTJCMF TFRVFODFT� 8F�MM XBOU UP BOBMZ[F
EBUB TFUT XJUI UIPVTBOET PG PCTFSWBUJPOT TP FYQMJDJUMZ DPVOUJOH UIFTF UIJOHT JTO�U QSBDUJDBM�

-VDLJMZ UIFSF�T B NBUIFNBUJDBM XBZ UP DPNQSFTT BMM PG UIJT� 4QFDJĕDBMMZ XF EFĕOF UIF
VQEBUFE QMBVTJCJMJUZ PG FBDI QPTTJCMF DPNQPTJUJPO PG UIF CBH BęFS TFFJOH UIF EBUB BT�

QMBVTJCJMJUZ PG < > BęFS TFFJOH
∝

XBZT < > DBO QSPEVDF
×



Using other information
marbles rare. Factory says:
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*O UIJT FYBNQMF UIF QSJPS EBUB BOE OFX EBUB BSF PG UIF TBNF UZQF� NBSCMFT ESBXO GSPN
UIF CBH� #VU JO HFOFSBM UIF QSJPS EBUB BOE OFX EBUB DBO CF PG EJČFSFOU UZQFT� 4VQQPTF GPS
FYBNQMF UIBU TPNFPOF GSPN UIF NBSCMF GBDUPSZ UFMMT ZPV UIBU CMVF NBSCMFT BSF SBSF� 4P GPS
FWFSZ CBH DPOUBJOJOH < > UIFZNBEF � CBHT DPOUBJOJOH < > BOE � CBHT DPOUBJO�
JOH < >� ćFZ BMTP FOTVSFE UIBU FWFSZ CBH DPOUBJOFE BU MFBTU POF CMVF BOE POF XIJUF
NBSCMF� 8F DBO VQEBUF PVS DPVOUT BHBJO�

$POKFDUVSF 1SJPS XBZT 'BDUPSZ DPVOU /FX DPVOU
< > � � � × � = �
< > � � � × � = �
< > �� � �� × � = ��
< > �� � �� × � = ��
< > � � � × � = �

/PX UIF DPOKFDUVSF < > JT NPTU QMBVTJCMF CVU CBSFMZ CFUUFS UIBO < >� *T UIFSF B
UISFTIPME EJČFSFODF JO UIFTF DPVOUT BU XIJDI XF DBO TBGFMZ EFDJEF UIBU POF PG UIF DPOKFDUVSFT
JT UIF DPSSFDU POF :PV�MM TQFOE UIF OFYU DIBQUFS FYQMPSJOH UIBU RVFTUJPO�

3FUIJOLJOH� 0SJHJOBM JHOPSBODF� 8IJDI BTTVNQUJPO TIPVME XF VTF XIFO UIFSF JT OP QSFWJPVT JO�
GPSNBUJPO BCPVU UIF DPOKFDUVSFT ćF NPTU DPNNPO TPMVUJPO JT UP BTTJHO BO FRVBM OVNCFS PG XBZT
UIBU FBDI DPOKFDUVSF DPVME CF DPSSFDU CFGPSF TFFJOH BOZ EBUB� ćJT JT TPNFUJNFT LOPXO BT UIF ĽĿĶĻ�
İĶĽĹĲ ļĳ ĶĻıĶĳĳĲĿĲĻİĲ� XIFO UIFSF JT OP SFBTPO UP TBZ UIBU POF DPOKFDUVSF JT NPSF QMBVTJCMF UIBO
BOPUIFS XFJHI BMM PG UIF DPOKFDUVSFT FRVBMMZ�

'PS UIF TPSU PG QSPCMFNT XF FYBNJOF JO UIJT CPPL UIJT BQQSPBDI JT VTVBMMZ ĕOF BOE JU SFTVMUT
JO JOGFSFODFT WFSZ DPNQBSBCMF UP NBJOTUSFBN OPO�#BZFTJBO BQQSPBDIFT� #VU UIF JTTVF PG DIPPTJOH B
SFQSFTFOUBUJPO PG iJHOPSBODFw JT TVSQSJTJOHMZ DPNQMJDBUFE� ćF JTTVF XJMM BSJTF BHBJO JO MBUFS DIBQUFST�
'PS OPX JU JT JNQPSUBOU UP SFBMJ[F UIBU OPO�#BZFTJBO JOGFSFODF NVTU BMTP NBLF DIPJDFT PG IPX UP
BTTJHO SFMBUJWF XFJHIUT UP DPOKFDUVSFT� 'PS FYBNQMF B UZQJDBM OPO�#BZFTJBO iGSFRVFOUJTUw DPOĕEFODF
JOUFSWBM XFJHIT FRVBMMZ BMM PG UIF QPTTJCMF WBMVFT B QBSBNFUFS DPVME UBLF SFHBSEMFTT PG IPX JNQMBVTJCMF
TPNF PG UIFN BSF�

������ 'SPN DPVOUT UP QSPCBCJMJUZ� *U JT IFMQGVM UP UIJOL PG UIJT TUSBUFHZ BT BEIFSJOH UP B
QSJODJQMF PG IPOFTU JHOPSBODF XIFO XF EPO�U LOPX XIBU DBVTFE UIF EBUB QPTTJCMF DBVTFT UIBU
IBWF NPSF XBZT UP QSPEVDF UIF EBUB BSF NPSF QMBVTJCMF FYQMBOBUJPOT PG UIF EBUB� ćJT MFBET VT
UP DPVOU QBUIT UISPVHI UIF HBSEFO PG GPSLJOH EBUB�

*U�T IBSE UP VTF UIFTF DPVOUT UIPVHI TP XF BMNPTU BMXBZT TUBOEBSEJ[F UIFN JO B XBZ UIBU
USBOTGPSNT UIFN JOUP QSPCBCJMJUJFT� 8IZ JT JU IBSE UP XPSL XJUI UIF DPVOUT 'JSTU TJODF
SFMBUJWF WBMVF JT BMM UIBU NBUUFST UIF TJ[F PG UIF DPVOUT � � BOE � DPOUBJO OP JOGPSNBUJPO PG
WBMVF� ćFZ DPVME KVTU BT FBTJMZ CF �� �� BOE ��� ćF NFBOJOH XPVME CF UIF TBNF� *U�T KVTU
UIF SFMBUJWF WBMVFT UIBU NBUUFS� 4FDPOE BT UIF BNPVOU PG EBUB HSPXT UIF DPVOUT XJMM WFSZ
RVJDLMZ HSPX WFSZ MBSHF BOE CFDPNF EJďDVMU UP NBOJQVMBUF� #Z UIF UJNF XF IBWF �� EBUB
QPJOUT UIFSF BSF BMSFBEZ NPSF UIBO POF NJMMJPO QPTTJCMF TFRVFODFT� 8F�MM XBOU UP BOBMZ[F
EBUB TFUT XJUI UIPVTBOET PG PCTFSWBUJPOT TP FYQMJDJUMZ DPVOUJOH UIFTF UIJOHT JTO�U QSBDUJDBM�

-VDLJMZ UIFSF�T B NBUIFNBUJDBM XBZ UP DPNQSFTT BMM PG UIJT� 4QFDJĕDBMMZ XF EFĕOF UIF
VQEBUFE QMBVTJCJMJUZ PG FBDI QPTTJCMF DPNQPTJUJPO PG UIF CBH BęFS TFFJOH UIF EBUB BT�

QMBVTJCJMJUZ PG < > BęFS TFFJOH
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Counts to plausibility
Unglamorous basis of applied probability:

!ings that can happen more ways are more 
plausible.
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