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Agenda

● Introdução

● Agregados

● Exemplo de relações e agregados

● Modelo de dados de chave-valor e 
de documentos

● Armazenamento de Famílias de 
Colunas

● Banco de Dados de Grafos

● Map-reduce

● Evolução de esquemas não 
relacionais
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Incompatibilidade dos Modelos de Dados 
de Memória e os Modelos de 
Armazenamento

• Necessidade de reorganização dos dados 
manipulados em memória pelos programas para 
uma representação relacional (banco de dados)

• Impedância de modelos usado pelas aplicações e 
pelos modelo de persitência dos dados.
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Incompatibilidade do Modelos de Dados de 
Memória e os Modelos de Armazenamento

)LJXUH������$Q�RUGHU��ZKLFK�ORRNV�OLNH�D�VLQJOH�DJJUHJDWH�VWUXFWXUH�LQ�WKH�8,��LV�VSOLW�LQWR�PDQ\
URZV�IURP�PDQ\�WDEOHV�LQ�D�UHODWLRQDO�GDWDEDVH

7KH�LPSHGDQFH�PLVPDWFK�LV�D�PDMRU�VRXUFH�RI�IUXVWUDWLRQ�WR�DSSOLFDWLRQ�GHYHORSHUV��DQG�LQ�WKH
����V�PDQ\�SHRSOH�EHOLHYHG�WKDW�LW�ZRXOG�OHDG�WR�UHODWLRQDO�GDWDEDVHV�EHLQJ�UHSODFHG�ZLWK�GDWDEDVHV
WKDW�UHSOLFDWH�WKH�LQ�PHPRU\�GDWD�VWUXFWXUHV�WR�GLVN��7KDW�GHFDGH�ZDV�PDUNHG�ZLWK�WKH�JURZWK�RI
REMHFW�RULHQWHG�SURJUDPPLQJ�ODQJXDJHV��DQG�ZLWK�WKHP�FDPH�REMHFW�RULHQWHG�GDWDEDVHV²ERWK
ORRNLQJ�WR�EH�WKH�GRPLQDQW�HQYLURQPHQW�IRU�VRIWZDUH�GHYHORSPHQW�LQ�WKH�QHZ�PLOOHQQLXP�
+RZHYHU��ZKLOH�REMHFW�RULHQWHG�ODQJXDJHV�VXFFHHGHG�LQ�EHFRPLQJ�WKH�PDMRU�IRUFH�LQ

SURJUDPPLQJ��REMHFW�RULHQWHG�GDWDEDVHV�IDGHG�LQWR�REVFXULW\��5HODWLRQDO�GDWDEDVHV�VDZ�RII�WKH
FKDOOHQJH�E\�VWUHVVLQJ�WKHLU�UROH�DV�DQ�LQWHJUDWLRQ�PHFKDQLVP��VXSSRUWHG�E\�D�PRVWO\�VWDQGDUG
ODQJXDJH�RI�GDWD�PDQLSXODWLRQ��64/��DQG�D�JURZLQJ�SURIHVVLRQDO�GLYLGH�EHWZHHQ�DSSOLFDWLRQ
GHYHORSHUV�DQG�GDWDEDVH�DGPLQLVWUDWRUV�
,PSHGDQFH�PLVPDWFK�KDV�EHHQ�PDGH�PXFK�HDVLHU�WR�GHDO�ZLWK�E\�WKH�ZLGH�DYDLODELOLW\�RI�REMHFW�

UHODWLRQDO�PDSSLQJ�IUDPHZRUNV��VXFK�DV�+LEHUQDWH�DQG�L%$7,6�WKDW�LPSOHPHQW�ZHOO�NQRZQ�PDSSLQJ
SDWWHUQV�>)RZOHU�3R($$@��EXW�WKH�PDSSLQJ�SUREOHP�LV�VWLOO�DQ�LVVXH��2EMHFW�UHODWLRQDO�PDSSLQJ
IUDPHZRUNV�UHPRYH�D�ORW�RI�JUXQW�ZRUN��EXW�FDQ�EHFRPH�D�SUREOHP�RI�WKHLU�RZQ�ZKHQ�SHRSOH�WU\�WRR
KDUG�WR�LJQRUH�WKH�GDWDEDVH�DQG�TXHU\�SHUIRUPDQFH�VXIIHUV�
5HODWLRQDO�GDWDEDVHV�FRQWLQXHG�WR�GRPLQDWH�WKH�HQWHUSULVH�FRPSXWLQJ�ZRUOG�LQ�WKH�����V��EXW�GXULQJ

WKDW�GHFDGH�FUDFNV�EHJDQ�WR�RSHQ�LQ�WKHLU�GRPLQDQFH�

�����$SSOLFDWLRQ�DQG�,QWHJUDWLRQ�'DWDEDVHV
7KH�H[DFW�UHDVRQV�ZK\�UHODWLRQDO�GDWDEDVHV�WULXPSKHG�RYHU�22�GDWDEDVHV�DUH�VWLOO�WKH�VXEMHFW�RI�DQ
RFFDVLRQDO�SXE�GHEDWH�IRU�GHYHORSHUV�RI�D�FHUWDLQ�DJH��%XW�LQ�RXU�YLHZ��WKH�SULPDU\�IDFWRU�ZDV�WKH
UROH�RI�64/�DV�DQ�LQWHJUDWLRQ�PHFKDQLVP�EHWZHHQ�DSSOLFDWLRQV��,Q�WKLV�VFHQDULR��WKH�GDWDEDVH�DFWV�DV

Autor: Sadalage 
& Fowler, 2013
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Características de Banco de Dados Big 
Data

5

• Não utilizam o Modelo Relacional;
• Demanda de Processamento e Armazenamento em
Clusters/Grid;

• Apropiados para aplicações WEB;
• Não tem um esquema;
• Também conhecidos como NoSQL.
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Categorias de Soluções Big Data
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• Chave-valor. Ex: Riak, Redis;
• Documento. Ex: MongoDB;
• Famílias de Colunas. Ex: 

Cassandra, HBase
• Grafos. Ex: FlockDB, Neo4J

Orientação a 
Agregados

Agregado: conjunto de objetos 
relacionados que desejamos tratar como 
unidade.
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Caracaterísticas dos Agregados
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• Unidade de armazenamento de dados e 
gerenciamento de consitência;

• Facilita a execução de banco de dados num cluster, 
pois consititui uma unidade natural de fragmentação
e replicação;

• São mais simples de serem tratados pelas aplicações
uma vez que lidam com os dados por meio de uma
estrutura agregada.
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Cenário: website de Comércio Eletrônico
• Aplicação de venda de ítens pela web. Teremos que 

armazenar dados sobre usuários, catálogo de 
produtos, pedidos, as remessas, os endereços de 
envio, os endereços de cobrança e os dados sobre o 
pagamento.

10
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Diagrama de Classe
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�������([DPSOH�RI�5HODWLRQV�DQG�$JJUHJDWHV
$W�WKLV�SRLQW��DQ�H[DPSOH�PD\�KHOS�H[SODLQ�ZKDW�ZH¶UH�WDONLQJ�DERXW��/HW¶V�DVVXPH�ZH�KDYH�WR�EXLOG
DQ�H�FRPPHUFH�ZHEVLWH��ZH�DUH�JRLQJ�WR�EH�VHOOLQJ�LWHPV�GLUHFWO\�WR�FXVWRPHUV�RYHU�WKH�ZHE��DQG�ZH
ZLOO�KDYH�WR�VWRUH�LQIRUPDWLRQ�DERXW�XVHUV��RXU�SURGXFW�FDWDORJ��RUGHUV��VKLSSLQJ�DGGUHVVHV��ELOOLQJ
DGGUHVVHV��DQG�SD\PHQW�GDWD��:H�FDQ�XVH�WKLV�VFHQDULR�WR�PRGHO�WKH�GDWD�XVLQJ�D�UHODWLRQ�GDWD�VWRUH�DV
ZHOO�DV�1R64/�GDWD�VWRUHV�DQG�WDON�DERXW�WKHLU�SURV�DQG�FRQV��)RU�D�UHODWLRQDO�GDWDEDVH��ZH�PLJKW
VWDUW�ZLWK�D�GDWD�PRGHO�VKRZQ�LQ�)LJXUH�����

)LJXUH������'DWD�PRGHO�RULHQWHG�DURXQG�D�UHODWLRQDO�GDWDEDVH��XVLQJ�80/�QRWDWLRQ�>)RZOHU
80/@�

)LJXUH�����SUHVHQWV�VRPH�VDPSOH�GDWD�IRU�WKLV�PRGHO�

Autor: Sadalage 
& Fowler, 2013
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Modelo Relacional
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Autor: Sadalage 
& Fowler, 2013

)LJXUH������7\SLFDO�GDWD�XVLQJ�5'%06�GDWD�PRGHO
$V�ZH¶UH�JRRG�UHODWLRQDO�VROGLHUV��HYHU\WKLQJ�LV�SURSHUO\�QRUPDOL]HG��VR�WKDW�QR�GDWD�LV�UHSHDWHG�LQ

PXOWLSOH�WDEOHV��:H�DOVR�KDYH�UHIHUHQWLDO�LQWHJULW\��$�UHDOLVWLF�RUGHU�V\VWHP�ZRXOG�QDWXUDOO\�EH�PRUH
LQYROYHG�WKDQ�WKLV��EXW�WKLV�LV�WKH�EHQHILW�RI�WKH�UDUHILHG�DLU�RI�D�ERRN�
1RZ�OHW¶V�VHH�KRZ�WKLV�PRGHO�PLJKW�ORRN�ZKHQ�ZH�WKLQN�LQ�PRUH�DJJUHJDWH�RULHQWHG�WHUPV��)LJXUH

�����

)LJXUH������$Q�DJJUHJDWH�GDWD�PRGHO
$JDLQ��ZH�KDYH�VRPH�VDPSOH�GDWD��ZKLFK�ZH¶OO�VKRZ�LQ�-621�IRUPDW�DV�WKDW¶V�D�FRPPRQ
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Considerações sobre o Modelo
Relacional do Exemplo

• Tabelas estão Normalizadas (nenhum dado repete-se 
em múltiplas tabelas);

• Integridade referencial (todas as chaves estrangeiras 
das tabelas, são identificadores únicos de registros 
em outras tabelas);

13
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Orientação a agregados
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Autor: Sadalage 
& Fowler, 2013

)LJXUH������7\SLFDO�GDWD�XVLQJ�5'%06�GDWD�PRGHO
$V�ZH¶UH�JRRG�UHODWLRQDO�VROGLHUV��HYHU\WKLQJ�LV�SURSHUO\�QRUPDOL]HG��VR�WKDW�QR�GDWD�LV�UHSHDWHG�LQ

PXOWLSOH�WDEOHV��:H�DOVR�KDYH�UHIHUHQWLDO�LQWHJULW\��$�UHDOLVWLF�RUGHU�V\VWHP�ZRXOG�QDWXUDOO\�EH�PRUH
LQYROYHG�WKDQ�WKLV��EXW�WKLV�LV�WKH�EHQHILW�RI�WKH�UDUHILHG�DLU�RI�D�ERRN�
1RZ�OHW¶V�VHH�KRZ�WKLV�PRGHO�PLJKW�ORRN�ZKHQ�ZH�WKLQN�LQ�PRUH�DJJUHJDWH�RULHQWHG�WHUPV��)LJXUH

�����

)LJXUH������$Q�DJJUHJDWH�GDWD�PRGHO
$JDLQ��ZH�KDYH�VRPH�VDPSOH�GDWD��ZKLFK�ZH¶OO�VKRZ�LQ�-621�IRUPDW�DV�WKDW¶V�D�FRPPRQ
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Exemplo de Dados no formato JSON
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Autor: Sadalage 
& Fowler, 2013

)LJXUH������7\SLFDO�GDWD�XVLQJ�5'%06�GDWD�PRGHO
$V�ZH¶UH�JRRG�UHODWLRQDO�VROGLHUV��HYHU\WKLQJ�LV�SURSHUO\�QRUPDOL]HG��VR�WKDW�QR�GDWD�LV�UHSHDWHG�LQ

PXOWLSOH�WDEOHV��:H�DOVR�KDYH�UHIHUHQWLDO�LQWHJULW\��$�UHDOLVWLF�RUGHU�V\VWHP�ZRXOG�QDWXUDOO\�EH�PRUH
LQYROYHG�WKDQ�WKLV��EXW�WKLV�LV�WKH�EHQHILW�RI�WKH�UDUHILHG�DLU�RI�D�ERRN�
1RZ�OHW¶V�VHH�KRZ�WKLV�PRGHO�PLJKW�ORRN�ZKHQ�ZH�WKLQN�LQ�PRUH�DJJUHJDWH�RULHQWHG�WHUPV��)LJXUH

�����

)LJXUH������$Q�DJJUHJDWH�GDWD�PRGHO
$JDLQ��ZH�KDYH�VRPH�VDPSOH�GDWD��ZKLFK�ZH¶OO�VKRZ�LQ�-621�IRUPDW�DV�WKDW¶V�D�FRPPRQ

UHSUHVHQWDWLRQ�IRU�GDWD�LQ�1R64/�ODQG�
&OLFN�KHUH�WR�YLHZ�FRGH�LPDJH

���LQ�FXVWRPHUV
^
�LG����
�QDPH���0DUWLQ��
�ELOOLQJ$GGUHVV��>^�FLW\���&KLFDJR�`@
`

���LQ�RUGHUV
^
�LG�����
�FXVWRPHU,G����
�RUGHU,WHPV��>
��^
���SURGXFW,G�����
���SULFH���������
���SURGXFW1DPH����1R64/�'LVWLOOHG�
����`
��@�
�VKLSSLQJ$GGUHVV��>^�FLW\���&KLFDJR�`@
�RUGHU3D\PHQW��>
��^
�����FFLQIR������������������������
�����W[Q,G���DEHOLI���UIW��
�����ELOOLQJ$GGUHVV���^�FLW\����&KLFDJR�`
��`
��@�
`

,Q�WKLV�PRGHO��ZH�KDYH�WZR�PDLQ�DJJUHJDWHV��FXVWRPHU�DQG�RUGHU��:H¶YH�XVHG�WKH�EODFN�GLDPRQG
FRPSRVLWLRQ�PDUNHU�LQ�80/�WR�VKRZ�KRZ�GDWD�ILWV�LQWR�WKH�DJJUHJDWLRQ�VWUXFWXUH��7KH�FXVWRPHU
FRQWDLQV�D�OLVW�RI�ELOOLQJ�DGGUHVVHV��WKH�RUGHU�FRQWDLQV�D�OLVW�RI�RUGHU�LWHPV��D�VKLSSLQJ�DGGUHVV��DQG
SD\PHQWV��7KH�SD\PHQW�LWVHOI�FRQWDLQV�D�ELOOLQJ�DGGUHVV�IRU�WKDW�SD\PHQW�
$�VLQJOH�ORJLFDO�DGGUHVV�UHFRUG�DSSHDUV�WKUHH�WLPHV�LQ�WKH�H[DPSOH�GDWD��EXW�LQVWHDG�RI�XVLQJ�,'V

LW¶V�WUHDWHG�DV�D�YDOXH�DQG�FRSLHG�HDFK�WLPH��7KLV�ILWV�WKH�GRPDLQ�ZKHUH�ZH�ZRXOG�QRW�ZDQW�WKH
VKLSSLQJ�DGGUHVV��QRU�WKH�SD\PHQW¶V�ELOOLQJ�DGGUHVV��WR�FKDQJH��,Q�D�UHODWLRQDO�GDWDEDVH��ZH�ZRXOG
HQVXUH�WKDW�WKH�DGGUHVV�URZV�DUHQ¶W�XSGDWHG�IRU�WKLV�FDVH��PDNLQJ�D�QHZ�URZ�LQVWHDG��:LWK�DJJUHJDWHV�
ZH�FDQ�FRS\�WKH�ZKROH�DGGUHVV�VWUXFWXUH�LQWR�WKH�DJJUHJDWH�DV�ZH�QHHG�WR�
7KH�OLQN�EHWZHHQ�WKH�FXVWRPHU�DQG�WKH�RUGHU�LVQ¶W�ZLWKLQ�HLWKHU�DJJUHJDWH²LW¶V�D�UHODWLRQVKLS

EHWZHHQ�DJJUHJDWHV��6LPLODUO\��WKH�OLQN�IURP�DQ�RUGHU�LWHP�ZRXOG�FURVV�LQWR�D�VHSDUDWH�DJJUHJDWH
VWUXFWXUH�IRU�SURGXFWV��ZKLFK�ZH�KDYHQ¶W�JRQH�LQWR��:H¶YH�VKRZQ�WKH�SURGXFW�QDPH�DV�SDUW�RI�WKH
RUGHU�LWHP�KHUH²WKLV�NLQG�RI�GHQRUPDOL]DWLRQ�LV�VLPLODU�WR�WKH�WUDGHRIIV�ZLWK�UHODWLRQDO�GDWDEDVHV��EXW
LV�PRUH�FRPPRQ�ZLWK�DJJUHJDWHV�EHFDXVH�ZH�ZDQW�WR�PLQLPL]H�WKH�QXPEHU�RI�DJJUHJDWHV�ZH�DFFHVV
GXULQJ�D�GDWD�LQWHUDFWLRQ�
7KH�LPSRUWDQW�WKLQJ�WR�QRWLFH�KHUH�LVQ¶W�WKH�SDUWLFXODU�ZD\�ZH¶YH�GUDZQ�WKH�DJJUHJDWH�ERXQGDU\�VR

PXFK�DV�WKH�IDFW�WKDW�\RX�KDYH�WR�WKLQN�DERXW�DFFHVVLQJ�WKDW�GDWD²DQG�PDNH�WKDW�SDUW�RI�\RXU�WKLQNLQJ
ZKHQ�GHYHORSLQJ�WKH�DSSOLFDWLRQ�GDWD�PRGHO��,QGHHG�ZH�FRXOG�GUDZ�RXU�DJJUHJDWH�ERXQGDULHV
GLIIHUHQWO\��SXWWLQJ�DOO�WKH�RUGHUV�IRU�D�FXVWRPHU�LQWR�WKH�FXVWRPHU�DJJUHJDWH��)LJXUH������
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Considerações sobre o Agregado
q Temos 2 agregados: Cliente e Pedido;
q Losango preto (Símbolo do Diagrama de Classes UML) indica

um agregado;
q Um único endereço aparece 3 vezes, ao invés de usarmos IDs. 

Esse registro é tratado como valor copiado;
q A conexão entre os agregados Cliente e Pedido estabelece

um relacionamento de agregados, e não é um agregado. Da 
mesma forma que acontece entre Item de Pedido e Produto. 
O nome do produto foi incluído em Item de Pedido para 
minimizar o número de agregados que acessamos durante o 
acesso aos dados.

q Os limites dos agregados são definidos com base no modelo
de acesso das principais aplicações. 
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Alternativa de Modelo de Agregado

17

Autor: Sadalage 
& Fowler, 2013

)LJXUH������(PEHG�DOO�WKH�REMHFWV�IRU�FXVWRPHU�DQG�WKH�FXVWRPHU¶V�RUGHUV
8VLQJ�WKH�DERYH�GDWD�PRGHO��DQ�H[DPSOH�&XVWRPHU�DQG�2UGHU�ZRXOG�ORRN�OLNH�WKLV�

&OLFN�KHUH�WR�YLHZ�FRGH�LPDJH

���LQ�FXVWRPHUV
^
�FXVWRPHU���^
�LG�����
�QDPH����0DUWLQ��
�ELOOLQJ$GGUHVV���>^�FLW\����&KLFDJR�`@�
�RUGHUV���>
��^
�����LG�����
�����FXVWRPHU,G����
�����RUGHU,WHPV��>
����^
�����SURGXFW,G�����
�����SULFH���������
�����SURGXFW1DPH����1R64/�'LVWLOOHG�
����`
��@�
���VKLSSLQJ$GGUHVV��>^�FLW\���&KLFDJR�`@
���RUGHU3D\PHQW��>
����^
�����FFLQIR������������������������
�����W[Q,G���DEHOLI���UIW��
�����ELOOLQJ$GGUHVV���^�FLW\����&KLFDJR�`
����`@�
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Alternativa de Dados no formato
JSON
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Autor: Sadalage 
& Fowler, 2013

)LJXUH������(PEHG�DOO�WKH�REMHFWV�IRU�FXVWRPHU�DQG�WKH�FXVWRPHU¶V�RUGHUV
8VLQJ�WKH�DERYH�GDWD�PRGHO��DQ�H[DPSOH�&XVWRPHU�DQG�2UGHU�ZRXOG�ORRN�OLNH�WKLV�

&OLFN�KHUH�WR�YLHZ�FRGH�LPDJH

���LQ�FXVWRPHUV
^
�FXVWRPHU���^
�LG�����
�QDPH����0DUWLQ��
�ELOOLQJ$GGUHVV���>^�FLW\����&KLFDJR�`@�
�RUGHUV���>
��^
�����LG�����
�����FXVWRPHU,G����
�����RUGHU,WHPV��>
����^
�����SURGXFW,G�����
�����SULFH���������
�����SURGXFW1DPH����1R64/�'LVWLOOHG�
����`
��@�
���VKLSSLQJ$GGUHVV��>^�FLW\���&KLFDJR�`@
���RUGHU3D\PHQW��>
����^
�����FFLQIR������������������������
�����W[Q,G���DEHOLI���UIW��
�����ELOOLQJ$GGUHVV���^�FLW\����&KLFDJR�`
����`@�

)LJXUH������(PEHG�DOO�WKH�REMHFWV�IRU�FXVWRPHU�DQG�WKH�FXVWRPHU¶V�RUGHUV
8VLQJ�WKH�DERYH�GDWD�PRGHO��DQ�H[DPSOH�&XVWRPHU�DQG�2UGHU�ZRXOG�ORRN�OLNH�WKLV�

&OLFN�KHUH�WR�YLHZ�FRGH�LPDJH

���LQ�FXVWRPHUV
^
�FXVWRPHU���^
�LG�����
�QDPH����0DUWLQ��
�ELOOLQJ$GGUHVV���>^�FLW\����&KLFDJR�`@�
�RUGHUV���>
��^
�����LG�����
�����FXVWRPHU,G����
�����RUGHU,WHPV��>
����^
�����SURGXFW,G�����
�����SULFH���������
�����SURGXFW1DPH����1R64/�'LVWLOOHG�
����`
��@�
���VKLSSLQJ$GGUHVV��>^�FLW\���&KLFDJR�`@
���RUGHU3D\PHQW��>
����^
�����FFLQIR������������������������
�����W[Q,G���DEHOLI���UIW��
�����ELOOLQJ$GGUHVV���^�FLW\����&KLFDJR�`
����`@�
��`@
`
`

/LNH�PRVW�WKLQJV�LQ�PRGHOLQJ��WKHUH¶V�QR�XQLYHUVDO�DQVZHU�IRU�KRZ�WR�GUDZ�\RXU�DJJUHJDWH
ERXQGDULHV��,W�GHSHQGV�HQWLUHO\�RQ�KRZ�\RX�WHQG�WR�PDQLSXODWH�\RXU�GDWD��,I�\RX�WHQG�WR�DFFHVV�D
FXVWRPHU�WRJHWKHU�ZLWK�DOO�RI�WKDW�FXVWRPHU¶V�RUGHUV�DW�RQFH��WKHQ�\RX�ZRXOG�SUHIHU�D�VLQJOH�DJJUHJDWH�
+RZHYHU��LI�\RX�WHQG�WR�IRFXV�RQ�DFFHVVLQJ�D�VLQJOH�RUGHU�DW�D�WLPH��WKHQ�\RX�VKRXOG�SUHIHU�KDYLQJ
VHSDUDWH�DJJUHJDWHV�IRU�HDFK�RUGHU��1DWXUDOO\��WKLV�LV�YHU\�FRQWH[W�VSHFLILF��VRPH�DSSOLFDWLRQV�ZLOO
SUHIHU�RQH�RU�WKH�RWKHU��HYHQ�ZLWKLQ�D�VLQJOH�V\VWHP��ZKLFK�LV�H[DFWO\�ZK\�PDQ\�SHRSOH�SUHIHU
DJJUHJDWH�LJQRUDQFH�

�������&RQVHTXHQFHV�RI�$JJUHJDWH�2ULHQWDWLRQ
:KLOH�WKH�UHODWLRQDO�PDSSLQJ�FDSWXUHV�WKH�YDULRXV�GDWD�HOHPHQWV�DQG�WKHLU�UHODWLRQVKLSV�UHDVRQDEO\
ZHOO��LW�GRHV�VR�ZLWKRXW�DQ\�QRWLRQ�RI�DQ�DJJUHJDWH�HQWLW\��,Q�RXU�GRPDLQ�ODQJXDJH��ZH�PLJKW�VD\�WKDW
DQ�RUGHU�FRQVLVWV�RI�RUGHU�LWHPV��D�VKLSSLQJ�DGGUHVV��DQG�D�SD\PHQW��7KLV�FDQ�EH�H[SUHVVHG�LQ�WKH
UHODWLRQDO�PRGHO�LQ�WHUPV�RI�IRUHLJQ�NH\�UHODWLRQVKLSV²EXW�WKHUH�LV�QRWKLQJ�WR�GLVWLQJXLVK
UHODWLRQVKLSV�WKDW�UHSUHVHQW�DJJUHJDWLRQV�IURP�WKRVH�WKDW�GRQ¶W��$V�D�UHVXOW��WKH�GDWDEDVH�FDQ¶W�XVH�D
NQRZOHGJH�RI�DJJUHJDWH�VWUXFWXUH�WR�KHOS�LW�VWRUH�DQG�GLVWULEXWH�WKH�GDWD�
9DULRXV�GDWD�PRGHOLQJ�WHFKQLTXHV�KDYH�SURYLGHG�ZD\V�RI�PDUNLQJ�DJJUHJDWH�RU�FRPSRVLWH

VWUXFWXUHV��7KH�SUREOHP��KRZHYHU��LV�WKDW�PRGHOHUV�UDUHO\�SURYLGH�DQ\�VHPDQWLFV�IRU�ZKDW�PDNHV�DQ
DJJUHJDWH�UHODWLRQVKLS�GLIIHUHQW�IURP�DQ\�RWKHU��ZKHUH�WKHUH�DUH�VHPDQWLFV��WKH\�YDU\��:KHQ�ZRUNLQJ
ZLWK�DJJUHJDWH�RULHQWHG�GDWDEDVHV��ZH�KDYH�D�FOHDUHU�VHPDQWLFV�WR�FRQVLGHU�E\�IRFXVLQJ�RQ�WKH�XQLW�RI
LQWHUDFWLRQ�ZLWK�WKH�GDWD�VWRUDJH��,W�LV��KRZHYHU��QRW�D�ORJLFDO�GDWD�SURSHUW\��,W¶V�DOO�DERXW�KRZ�WKH
GDWD�LV�EHLQJ�XVHG�E\�DSSOLFDWLRQV²D�FRQFHUQ�WKDW�LV�RIWHQ�RXWVLGH�WKH�ERXQGV�RI�GDWD�PRGHOLQJ�
5HODWLRQDO�GDWDEDVHV�KDYH�QR�FRQFHSW�RI�DJJUHJDWH�ZLWKLQ�WKHLU�GDWD�PRGHO��VR�ZH�FDOO�WKHP

DJJUHJDWH�LJQRUDQW��,Q�WKH�1R64/�ZRUOG��JUDSK�GDWDEDVHV�DUH�DOVR�DJJUHJDWH�LJQRUDQW��%HLQJ
DJJUHJDWH�LJQRUDQW�LV�QRW�D�EDG�WKLQJ��,W¶V�RIWHQ�GLIILFXOW�WR�GUDZ�DJJUHJDWH�ERXQGDULHV�ZHOO�
SDUWLFXODUO\�LI�WKH�VDPH�GDWD�LV�XVHG�LQ�PDQ\�GLIIHUHQW�FRQWH[WV��$Q�RUGHU�PDNHV�D�JRRG�DJJUHJDWH
ZKHQ�D�FXVWRPHU�LV�PDNLQJ�DQG�UHYLHZLQJ�RUGHUV��DQG�ZKHQ�WKH�UHWDLOHU�LV�SURFHVVLQJ�RUGHUV�
+RZHYHU��LI�D�UHWDLOHU�ZDQWV�WR�DQDO\]H�LWV�SURGXFW�VDOHV�RYHU�WKH�ODVW�IHZ�PRQWKV��WKHQ�DQ�RUGHU
DJJUHJDWH�EHFRPHV�D�WURXEOH��7R�JHW�WR�SURGXFW�VDOHV�KLVWRU\��\RX¶OO�KDYH�WR�GLJ�LQWR�HYHU\�DJJUHJDWH
LQ�WKH�GDWDEDVH��6R�DQ�DJJUHJDWH�VWUXFWXUH�PD\�KHOS�ZLWK�VRPH�GDWD�LQWHUDFWLRQV�EXW�EH�DQ�REVWDFOH�IRU
RWKHUV��$Q�DJJUHJDWH�LJQRUDQW�PRGHO�DOORZV�\RX�WR�HDVLO\�ORRN�DW�WKH�GDWD�LQ�GLIIHUHQW�ZD\V��VR�LW�LV�D
EHWWHU�FKRLFH�ZKHQ�\RX�GRQ¶W�KDYH�D�SULPDU\�VWUXFWXUH�IRU�PDQLSXODWLQJ�\RXU�GDWD�
7KH�FOLQFKLQJ�UHDVRQ�IRU�DJJUHJDWH�RULHQWDWLRQ�LV�WKDW�LW�KHOSV�JUHDWO\�ZLWK�UXQQLQJ�RQ�D�FOXVWHU�

ZKLFK�DV�\RX¶OO�UHPHPEHU�LV�WKH�NLOOHU�DUJXPHQW�IRU�WKH�ULVH�RI�1R64/��,I�ZH¶UH�UXQQLQJ�RQ�D�FOXVWHU�
ZH�QHHG�WR�PLQLPL]H�KRZ�PDQ\�QRGHV�ZH�QHHG�WR�TXHU\�ZKHQ�ZH�DUH�JDWKHULQJ�GDWD��%\�H[SOLFLWO\
LQFOXGLQJ�DJJUHJDWHV��ZH�JLYH�WKH�GDWDEDVH�LPSRUWDQW�LQIRUPDWLRQ�DERXW�ZKLFK�ELWV�RI�GDWD�ZLOO�EH
PDQLSXODWHG�WRJHWKHU��DQG�WKXV�VKRXOG�OLYH�RQ�WKH�VDPH�QRGH�
$JJUHJDWHV�KDYH�DQ�LPSRUWDQW�FRQVHTXHQFH�IRU�WUDQVDFWLRQV��5HODWLRQDO�GDWDEDVHV�DOORZ�\RX�WR

PDQLSXODWH�DQ\�FRPELQDWLRQ�RI�URZV�IURP�DQ\�WDEOHV�LQ�D�VLQJOH�WUDQVDFWLRQ��6XFK�WUDQVDFWLRQV�DUH
FDOOHG�$&,'�WUDQVDFWLRQV��$WRPLF��&RQVLVWHQW��,VRODWHG��DQG�'XUDEOH��$&,'�LV�D�UDWKHU�FRQWULYHG
DFURQ\P��WKH�UHDO�SRLQW�LV�WKH�DWRPLFLW\��0DQ\�URZV�VSDQQLQJ�PDQ\�WDEOHV�DUH�XSGDWHG�DV�D�VLQJOH
RSHUDWLRQ��7KLV�RSHUDWLRQ�HLWKHU�VXFFHHGV�RU�IDLOV�LQ�LWV�HQWLUHW\��DQG�FRQFXUUHQW�RSHUDWLRQV�DUH
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Alternativa de Modelo de Agregados
Observações:
• Foi definido um agregado para Cliente, considerando

que o cenário de acesso a todos os pedidos de um 
cliente ao mesmo tempo;

• Se o cenário fosse acesso somente a pedidos, então
deve-se adotar a estratégia de agregados separados
para cada pedido (modelo anterior).
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Observações gerais sobre Agregados
• O Modelo Relacional não diferencia relacionamentos

que representam agregações, daqueles que não são
agregações. Recurso necessário para 
armazenamento distribuído dos dados;

• O modelo de agregados é adequado para uso com 
Cluster/Grid Computacional;

• Agregados permitem suportar transações com 
características de ACID (Atômicas, Consistentes, 
Isoladas e Duráveis) num único agregado por vez.

20
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Agenda

● Introdução

● Agregados

● Exemplo de relações e 
agregados

● Modelo de dados de chave-
valor e de documentos

● Armazenamento de 
Famílias de Colunas

● Banco de Dados de Grafos

● Map-reduce

● Evolução de esquemas não 

relacionais 
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Caraterísticas dos Banco de Dados 
Chave-Valor e de Documentos

22

Exemplos dos tipos de Banco de dados:
● Chave-valor. Ex: Riak, Redis;
●Documento. Ex: MongoDB;

Orientação a 
Agregados

Agregado: conjunto de objetos relacionados que
desejamos tratar como unidade.

• Os dois tipos manipulam agregados, sendo
uma chave ou ID para obter os dados.
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Caraterísticas dos Banco de Dados 
Chave-Valor e de Documentos

23

• Diferenças entre os tipos de Banco de dados:
• Chave-valor: agregado é opaco – sem estrutura prévia;

• Documento: pode tratar o agregado como uma estrutura.

• Em Banco de Dados de Documento, pode-se buscar e 
indexar por campos e conteúdos do agregado;

• As consultas podem ser manipuladas por ferramentas
de pesquisa, como Solr, buscando quaisquer agregado
que esteja armazenado como estruturas XML ou JSON.
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Exemplo1 de um agregado Cliente

24

Autor: Sadalage 
& Fowler, 2013

• Cenário Principal: Acessar todos os dados a 
partir do Cliente.

• Possível padrão de aplicação
• - Acesso a produtos vendidos em cada pedido

(deve-se acessar todo o Objeto e ler cada
pedido os produtos associados).

WKHPVHOYHV��,Q�WKLV�FDVH��\RX�SURYLGH�WKH�FRPSXWDWLRQ�WKDW�QHHGV�WR�EH�GRQH��DQG�WKH�GDWDEDVH�H[HFXWHV
WKH�FRPSXWDWLRQ�ZKHQ�QHHGHG�DFFRUGLQJ�WR�VRPH�SDUDPHWHUV�WKDW�\RX�FRQILJXUH��7KLV�LV�SDUWLFXODUO\
KDQG\�IRU�HDJHU�XSGDWHV�RI�YLHZV�ZLWK�LQFUHPHQWDO�PDS�UHGXFH��³,QFUHPHQWDO�0DS�5HGXFH�´�S������
0DWHULDOL]HG�YLHZV�FDQ�EH�XVHG�ZLWKLQ�WKH�VDPH�DJJUHJDWH��$Q�RUGHU�GRFXPHQW�PLJKW�LQFOXGH�DQ

RUGHU�VXPPDU\�HOHPHQW�WKDW�SURYLGHV�VXPPDU\�LQIRUPDWLRQ�DERXW�WKH�RUGHU�VR�WKDW�D�TXHU\�IRU�DQ
RUGHU�VXPPDU\�GRHV�QRW�KDYH�WR�WUDQVIHU�WKH�HQWLUH�RUGHU�GRFXPHQW��8VLQJ�GLIIHUHQW�FROXPQ�IDPLOLHV
IRU�PDWHULDOL]HG�YLHZV�LV�D�FRPPRQ�IHDWXUH�RI�FROXPQ�IDPLO\�GDWDEDVHV��$Q�DGYDQWDJH�RI�GRLQJ�WKLV�LV
WKDW�LW�DOORZV�\RX�WR�XSGDWH�WKH�PDWHULDOL]HG�YLHZ�ZLWKLQ�WKH�VDPH�DWRPLF�RSHUDWLRQ�

�����0RGHOLQJ�IRU�'DWD�$FFHVV
$V�PHQWLRQHG�HDUOLHU��ZKHQ�PRGHOLQJ�GDWD�DJJUHJDWHV�ZH�QHHG�WR�FRQVLGHU�KRZ�WKH�GDWD�LV�JRLQJ�WR�EH
UHDG�DV�ZHOO�DV�ZKDW�DUH�WKH�VLGH�HIIHFWV�RQ�GDWD�UHODWHG�WR�WKRVH�DJJUHJDWHV�
/HW¶V�VWDUW�ZLWK�WKH�PRGHO�ZKHUH�DOO�WKH�GDWD�IRU�WKH�FXVWRPHU�LV�HPEHGGHG�XVLQJ�D�NH\�YDOXH�VWRUH

�VHH�)LJXUH������

)LJXUH������(PEHG�DOO�WKH�REMHFWV�IRU�FXVWRPHU�DQG�WKHLU�RUGHUV�
,Q�WKLV�VFHQDULR��WKH�DSSOLFDWLRQ�FDQ�UHDG�WKH�FXVWRPHU¶V�LQIRUPDWLRQ�DQG�DOO�WKH�UHODWHG�GDWD�E\

XVLQJ�WKH�NH\��,I�WKH�UHTXLUHPHQWV�DUH�WR�UHDG�WKH�RUGHUV�RU�WKH�SURGXFWV�VROG�LQ�HDFK�RUGHU��WKH�ZKROH
REMHFW�KDV�WR�EH�UHDG�DQG�WKHQ�SDUVHG�RQ�WKH�FOLHQW�VLGH�WR�EXLOG�WKH�UHVXOWV��:KHQ�UHIHUHQFHV�DUH
QHHGHG��ZH�FRXOG�VZLWFK�WR�GRFXPHQW�VWRUHV�DQG�WKHQ�TXHU\�LQVLGH�WKH�GRFXPHQWV��RU�HYHQ�FKDQJH�WKH
GDWD�IRU�WKH�NH\�YDOXH�VWRUH�WR�VSOLW�WKH�YDOXH�REMHFW�LQWR�&XVWRPHU�DQG�2UGHU�REMHFWV�DQG�WKHQ
PDLQWDLQ�WKHVH�REMHFWV¶�UHIHUHQFHV�WR�HDFK�RWKHU�
:LWK�WKH�UHIHUHQFHV��VHH�)LJXUH�������ZH�FDQ�QRZ�ILQG�WKH�RUGHUV�LQGHSHQGHQWO\�IURP�WKH

&XVWRPHU��DQG�ZLWK�WKH�RUGHU,G�UHIHUHQFH�LQ�WKH�&XVWRPHU�ZH�FDQ�ILQG�DOO�2UGHUV�IRU�WKH
&XVWRPHU��8VLQJ�DJJUHJDWHV�WKLV�ZD\�DOORZV�IRU�UHDG�RSWLPL]DWLRQ��EXW�ZH�KDYH�WR�SXVK�WKH�RUGHU,G
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Exemplo2 agregados Cliente e Pedidos
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Autor: Sadalage 
& Fowler, 2013

• Cenário Principal: Encontrar pedidos (Orders) 
independentes do cliente (Customer)

• Exemplo (JSON): 

UHIHUHQFH�LQWR�&XVWRPHU�HYHU\�WLPH�ZLWK�D�QHZ�2UGHU�
&OLFN�KHUH�WR�YLHZ�FRGH�LPDJH

��&XVWRPHU�REMHFW
^
�FXVWRPHU,G�����
�FXVWRPHU���^
���QDPH����0DUWLQ��
���ELOOLQJ$GGUHVV���>^�FLW\����&KLFDJR�`@�
���SD\PHQW���>^�W\SH����GHELW���FFLQIR������������������������`@�
���RUGHUV��>^�RUGHU,G����`@
�`
`

��2UGHU�REMHFW
^
�FXVWRPHU,G�����
�RUGHU,G������
�RUGHU��^
���RUGHU'DWH���1RY����������
���RUGHU,WHPV��>^�SURGXFW,G�������SULFH��������`@�
����RUGHU3D\PHQW��>^�FFLQIR������������������������
������������W[Q,G���DEHOLI���UIW�`@�
����VKLSSLQJ$GGUHVV��^�FLW\���&KLFDJR�`
���`
`

)LJXUH������&XVWRPHU�LV�VWRUHG�VHSDUDWHO\�IURP�2UGHU�
$JJUHJDWHV�FDQ�DOVR�EH�XVHG�WR�REWDLQ�DQDO\WLFV��IRU�H[DPSOH��DQ�DJJUHJDWH�XSGDWH�PD\�ILOO�LQ

LQIRUPDWLRQ�RQ�ZKLFK�2UGHUV�KDYH�D�JLYHQ�3URGXFW�LQ�WKHP��7KLV�GHQRUPDOL]DWLRQ�RI�WKH�GDWD�DOORZV
IRU�IDVW�DFFHVV�WR�WKH�GDWD�ZH�DUH�LQWHUHVWHG�LQ�DQG�LV�WKH�EDVLV�IRU�5HDO�7LPH�%,�RU�5HDO�7LPH

UHIHUHQFH�LQWR�&XVWRPHU�HYHU\�WLPH�ZLWK�D�QHZ�2UGHU�
&OLFN�KHUH�WR�YLHZ�FRGH�LPDJH

��&XVWRPHU�REMHFW
^
�FXVWRPHU,G�����
�FXVWRPHU���^
���QDPH����0DUWLQ��
���ELOOLQJ$GGUHVV���>^�FLW\����&KLFDJR�`@�
���SD\PHQW���>^�W\SH����GHELW���FFLQIR������������������������`@�
���RUGHUV��>^�RUGHU,G����`@
�`
`

��2UGHU�REMHFW
^
�FXVWRPHU,G�����
�RUGHU,G������
�RUGHU��^
���RUGHU'DWH���1RY����������
���RUGHU,WHPV��>^�SURGXFW,G�������SULFH��������`@�
����RUGHU3D\PHQW��>^�FFLQIR������������������������
������������W[Q,G���DEHOLI���UIW�`@�
����VKLSSLQJ$GGUHVV��^�FLW\���&KLFDJR�`
���`
`

)LJXUH������&XVWRPHU�LV�VWRUHG�VHSDUDWHO\�IURP�2UGHU�
$JJUHJDWHV�FDQ�DOVR�EH�XVHG�WR�REWDLQ�DQDO\WLFV��IRU�H[DPSOH��DQ�DJJUHJDWH�XSGDWH�PD\�ILOO�LQ

LQIRUPDWLRQ�RQ�ZKLFK�2UGHUV�KDYH�D�JLYHQ�3URGXFW�LQ�WKHP��7KLV�GHQRUPDOL]DWLRQ�RI�WKH�GDWD�DOORZV
IRU�IDVW�DFFHVV�WR�WKH�GDWD�ZH�DUH�LQWHUHVWHG�LQ�DQG�LV�WKH�EDVLV�IRU�5HDO�7LPH�%,�RU�5HDO�7LPH
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Agenda

● Introdução

● Agregados

● Exemplo de relações e 
agregados

● Modelo de dados de chave-
valor e de documentos

● Armazenamento de 
Famílias de Colunas

● Banco de Dados de Grafos

● Map-reduce

● Evolução de esquemas não 

relacionais 
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Caraterísticas dos Banco de Dados 
Famílias de Colunas

• Colunas esparsas e sem esquema. Exemplo: BigTable 
(Google), Hbase e Cassandra;

• Há cenários em que as colunas podem ser agrupadas 
como uma unidade básica de armazenamento – por 
isso o nome Famílias de Colunas; 

• Quando tratado como Família de Colunas o acesso 
ocorre em dois níveis: acesso ao agregado e em 
seguida à Família de Colunas
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Exemplo de um agregado Cliente, 
representado em Famíias de Colunas
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Autor: Sadalage 
& Fowler, 2013

&DVVDQGUD�
7KHVH�GDWDEDVHV�ZLWK�D�ELJWDEOH�VW\OH�GDWD�PRGHO�DUH�RIWHQ�UHIHUUHG�WR�DV�FROXPQ�VWRUHV��EXW�WKDW

QDPH�KDV�EHHQ�DURXQG�IRU�D�ZKLOH�WR�GHVFULEH�D�GLIIHUHQW�DQLPDO��3UH�1R64/�FROXPQ�VWRUHV��VXFK�DV
&�6WRUH�>&�6WRUH@��ZHUH�KDSS\�ZLWK�64/�DQG�WKH�UHODWLRQDO�PRGHO��7KH�WKLQJ�WKDW�PDGH�WKHP�GLIIHUHQW
ZDV�WKH�ZD\�LQ�ZKLFK�WKH\�SK\VLFDOO\�VWRUHG�GDWD��0RVW�GDWDEDVHV�KDYH�D�URZ�DV�D�XQLW�RI�VWRUDJH
ZKLFK��LQ�SDUWLFXODU��KHOSV�ZULWH�SHUIRUPDQFH��+RZHYHU��WKHUH�DUH�PDQ\�VFHQDULRV�ZKHUH�ZULWHV�DUH
UDUH��EXW�\RX�RIWHQ�QHHG�WR�UHDG�D�IHZ�FROXPQV�RI�PDQ\�URZV�DW�RQFH��,Q�WKLV�VLWXDWLRQ��LW¶V�EHWWHU�WR
VWRUH�JURXSV�RI�FROXPQV�IRU�DOO�URZV�DV�WKH�EDVLF�VWRUDJH�XQLW²ZKLFK�LV�ZK\�WKHVH�GDWDEDVHV�DUH
FDOOHG�FROXPQ�VWRUHV�
%LJWDEOH�DQG�LWV�RIIVSULQJ�IROORZ�WKLV�QRWLRQ�RI�VWRULQJ�JURXSV�RI�FROXPQV��FROXPQ�IDPLOLHV�

WRJHWKHU��EXW�SDUW�FRPSDQ\�ZLWK�&�6WRUH�DQG�IULHQGV�E\�DEDQGRQLQJ�WKH�UHODWLRQDO�PRGHO�DQG�64/��,Q
WKLV�ERRN��ZH�UHIHU�WR�WKLV�FODVV�RI�GDWDEDVHV�DV�FROXPQ�IDPLO\�GDWDEDVHV�
3HUKDSV�WKH�EHVW�ZD\�WR�WKLQN�RI�WKH�FROXPQ�IDPLO\�PRGHO�LV�DV�D�WZR�OHYHO�DJJUHJDWH�VWUXFWXUH��$V

ZLWK�NH\�YDOXH�VWRUHV��WKH�ILUVW�NH\�LV�RIWHQ�GHVFULEHG�DV�D�URZ�LGHQWLILHU��SLFNLQJ�XS�WKH�DJJUHJDWH�RI
LQWHUHVW��7KH�GLIIHUHQFH�ZLWK�FROXPQ�IDPLO\�VWUXFWXUHV�LV�WKDW�WKLV�URZ�DJJUHJDWH�LV�LWVHOI�IRUPHG�RI�D
PDS�RI�PRUH�GHWDLOHG�YDOXHV��7KHVH�VHFRQG�OHYHO�YDOXHV�DUH�UHIHUUHG�WR�DV�FROXPQV��$V�ZHOO�DV
DFFHVVLQJ�WKH�URZ�DV�D�ZKROH��RSHUDWLRQV�DOVR�DOORZ�SLFNLQJ�RXW�D�SDUWLFXODU�FROXPQ��VR�WR�JHW�D
SDUWLFXODU�FXVWRPHU¶V�QDPH�IURP�)LJXUH�����\RX�FRXOG�GR�VRPHWKLQJ�OLNH�JHW�
����
��
QDPH
��

)LJXUH������5HSUHVHQWLQJ�FXVWRPHU�LQIRUPDWLRQ�LQ�D�FROXPQ�IDPLO\�VWUXFWXUH
&ROXPQ�IDPLO\�GDWDEDVHV�RUJDQL]H�WKHLU�FROXPQV�LQWR�FROXPQ�IDPLOLHV��(DFK�FROXPQ�KDV�WR�EH�SDUW

RI�D�VLQJOH�FROXPQ�IDPLO\��DQG�WKH�FROXPQ�DFWV�DV�XQLW�IRU�DFFHVV��ZLWK�WKH�DVVXPSWLRQ�WKDW�GDWD�IRU�D
SDUWLFXODU�FROXPQ�IDPLO\�ZLOO�EH�XVXDOO\�DFFHVVHG�WRJHWKHU�
7KLV�DOVR�JLYHV�\RX�D�FRXSOH�RI�ZD\V�WR�WKLQN�DERXW�KRZ�WKH�GDWD�LV�VWUXFWXUHG�
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Exemplo de um agregado Cliente, 
representado em Famíias de Colunas
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Autor: Sadalage 
& Fowler, 2013

&DVVDQGUD�
7KHVH�GDWDEDVHV�ZLWK�D�ELJWDEOH�VW\OH�GDWD�PRGHO�DUH�RIWHQ�UHIHUUHG�WR�DV�FROXPQ�VWRUHV��EXW�WKDW

QDPH�KDV�EHHQ�DURXQG�IRU�D�ZKLOH�WR�GHVFULEH�D�GLIIHUHQW�DQLPDO��3UH�1R64/�FROXPQ�VWRUHV��VXFK�DV
&�6WRUH�>&�6WRUH@��ZHUH�KDSS\�ZLWK�64/�DQG�WKH�UHODWLRQDO�PRGHO��7KH�WKLQJ�WKDW�PDGH�WKHP�GLIIHUHQW
ZDV�WKH�ZD\�LQ�ZKLFK�WKH\�SK\VLFDOO\�VWRUHG�GDWD��0RVW�GDWDEDVHV�KDYH�D�URZ�DV�D�XQLW�RI�VWRUDJH
ZKLFK��LQ�SDUWLFXODU��KHOSV�ZULWH�SHUIRUPDQFH��+RZHYHU��WKHUH�DUH�PDQ\�VFHQDULRV�ZKHUH�ZULWHV�DUH
UDUH��EXW�\RX�RIWHQ�QHHG�WR�UHDG�D�IHZ�FROXPQV�RI�PDQ\�URZV�DW�RQFH��,Q�WKLV�VLWXDWLRQ��LW¶V�EHWWHU�WR
VWRUH�JURXSV�RI�FROXPQV�IRU�DOO�URZV�DV�WKH�EDVLF�VWRUDJH�XQLW²ZKLFK�LV�ZK\�WKHVH�GDWDEDVHV�DUH
FDOOHG�FROXPQ�VWRUHV�
%LJWDEOH�DQG�LWV�RIIVSULQJ�IROORZ�WKLV�QRWLRQ�RI�VWRULQJ�JURXSV�RI�FROXPQV��FROXPQ�IDPLOLHV�

WRJHWKHU��EXW�SDUW�FRPSDQ\�ZLWK�&�6WRUH�DQG�IULHQGV�E\�DEDQGRQLQJ�WKH�UHODWLRQDO�PRGHO�DQG�64/��,Q
WKLV�ERRN��ZH�UHIHU�WR�WKLV�FODVV�RI�GDWDEDVHV�DV�FROXPQ�IDPLO\�GDWDEDVHV�
3HUKDSV�WKH�EHVW�ZD\�WR�WKLQN�RI�WKH�FROXPQ�IDPLO\�PRGHO�LV�DV�D�WZR�OHYHO�DJJUHJDWH�VWUXFWXUH��$V

ZLWK�NH\�YDOXH�VWRUHV��WKH�ILUVW�NH\�LV�RIWHQ�GHVFULEHG�DV�D�URZ�LGHQWLILHU��SLFNLQJ�XS�WKH�DJJUHJDWH�RI
LQWHUHVW��7KH�GLIIHUHQFH�ZLWK�FROXPQ�IDPLO\�VWUXFWXUHV�LV�WKDW�WKLV�URZ�DJJUHJDWH�LV�LWVHOI�IRUPHG�RI�D
PDS�RI�PRUH�GHWDLOHG�YDOXHV��7KHVH�VHFRQG�OHYHO�YDOXHV�DUH�UHIHUUHG�WR�DV�FROXPQV��$V�ZHOO�DV
DFFHVVLQJ�WKH�URZ�DV�D�ZKROH��RSHUDWLRQV�DOVR�DOORZ�SLFNLQJ�RXW�D�SDUWLFXODU�FROXPQ��VR�WR�JHW�D
SDUWLFXODU�FXVWRPHU¶V�QDPH�IURP�)LJXUH�����\RX�FRXOG�GR�VRPHWKLQJ�OLNH�JHW�
����
��
QDPH
��

)LJXUH������5HSUHVHQWLQJ�FXVWRPHU�LQIRUPDWLRQ�LQ�D�FROXPQ�IDPLO\�VWUXFWXUH
&ROXPQ�IDPLO\�GDWDEDVHV�RUJDQL]H�WKHLU�FROXPQV�LQWR�FROXPQ�IDPLOLHV��(DFK�FROXPQ�KDV�WR�EH�SDUW

RI�D�VLQJOH�FROXPQ�IDPLO\��DQG�WKH�FROXPQ�DFWV�DV�XQLW�IRU�DFFHVV��ZLWK�WKH�DVVXPSWLRQ�WKDW�GDWD�IRU�D
SDUWLFXODU�FROXPQ�IDPLO\�ZLOO�EH�XVXDOO\�DFFHVVHG�WRJHWKHU�
7KLV�DOVR�JLYHV�\RX�D�FRXSOH�RI�ZD\V�WR�WKLQN�DERXW�KRZ�WKH�GDWD�LV�VWUXFWXUHG�

• A primeira chave é o identificador de “Linha”, 
identificando o agregado (Ex: “1234”);

• Idenfificador do Agregado acessa os detalhes
do Agregado de segundo nível (Colunas);

• Além de acessar a “Linha” como um todo do 
agregado, pode-se acessar um coluna em
particular. Exemplo: obter um nome de um 
determinado cliente:

get(‘1234’, ‘name’);
• Cada coluna faz parte de uma única família de 

colunas que geralmente são acessados em
conjunto (agregado);
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Visão Conceitual de alternativas de Modelos
Físicos de Famíias de Colunas
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Autor: Sadalage 
& Fowler, 2013

)LJXUH������&RQFHSWXDO�YLHZ�LQWR�D�FROXPQ�GDWD�VWRUH
:KHQ�XVLQJ�JUDSK�GDWDEDVHV�WR�PRGHO�WKH�VDPH�GDWD��ZH�PRGHO�DOO�REMHFWV�DV�QRGHV�DQG�UHODWLRQV

ZLWKLQ�WKHP�DV�UHODWLRQVKLSV��WKHVH�UHODWLRQVKLSV�KDYH�W\SHV�DQG�GLUHFWLRQDO�VLJQLILFDQFH�
(DFK�QRGH�KDV�LQGHSHQGHQW�UHODWLRQVKLSV�ZLWK�RWKHU�QRGHV��7KHVH�UHODWLRQVKLSV�KDYH�QDPHV�OLNH

385&+$6('��3$,'B:,7+��RU�%(/21*6B72��VHH�)LJXUH�������WKHVH�UHODWLRQVKLS�QDPHV�OHW�\RX
WUDYHUVH�WKH�JUDSK��/HW¶V�VD\�\RX�ZDQW�WR�ILQG�DOO�WKH�&XVWRPHUV�ZKR�385&+$6('�D�SURGXFW�ZLWK�WKH
QDPH�5HIDFWRULQJ�'DWDEDVH��$OO�ZH�QHHG�WR�GR�LV�TXHU\�IRU�WKH�SURGXFW�QRGH�5HIDFWRULQJ
'DWDEDVHV�DQG�ORRN�IRU�DOO�WKH�&XVWRPHUV�ZLWK�WKH�LQFRPLQJ�385&+$6('�UHODWLRQVKLS�

)LJXUH������&RQFHSWXDO�YLHZ�LQWR�D�FROXPQ�GDWD�VWRUH
:KHQ�XVLQJ�JUDSK�GDWDEDVHV�WR�PRGHO�WKH�VDPH�GDWD��ZH�PRGHO�DOO�REMHFWV�DV�QRGHV�DQG�UHODWLRQV

ZLWKLQ�WKHP�DV�UHODWLRQVKLSV��WKHVH�UHODWLRQVKLSV�KDYH�W\SHV�DQG�GLUHFWLRQDO�VLJQLILFDQFH�
(DFK�QRGH�KDV�LQGHSHQGHQW�UHODWLRQVKLSV�ZLWK�RWKHU�QRGHV��7KHVH�UHODWLRQVKLSV�KDYH�QDPHV�OLNH

385&+$6('��3$,'B:,7+��RU�%(/21*6B72��VHH�)LJXUH�������WKHVH�UHODWLRQVKLS�QDPHV�OHW�\RX
WUDYHUVH�WKH�JUDSK��/HW¶V�VD\�\RX�ZDQW�WR�ILQG�DOO�WKH�&XVWRPHUV�ZKR�385&+$6('�D�SURGXFW�ZLWK�WKH
QDPH�5HIDFWRULQJ�'DWDEDVH��$OO�ZH�QHHG�WR�GR�LV�TXHU\�IRU�WKH�SURGXFW�QRGH�5HIDFWRULQJ
'DWDEDVHV�DQG�ORRN�IRU�DOO�WKH�&XVWRPHUV�ZLWK�WKH�LQFRPLQJ�385&+$6('�UHODWLRQVKLS�
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Caraterísticas dos Banco de Dados 
Famílias de Colunas

• Tipos de Acessos:
– Orientado a “Linhas”: cada linha é um agregado (ex: ID: 

‘1234’),  com acesso estruturado as famílias de Colunas 
(Perfil e Pedidos);

– Orientado a Colunas: cada Família de Colunas define um 
tipo de registro (ex: Perfil) com linhas. Cada linha é uma 
Família de Colunas.
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Caraterísticas dos Banco de Dados 
Famílias de Colunas

• Tipos de Colunas (Cassandra):
– Linhas Estreitas (Skinny): poucas colunas, sendo as 

mesmas colunas utilizadas por todas as linhas;

– Linhas Largas (Wide): cada linha possui muitas colunas, 
sendo que as colunas de cada linha podendo ser diferentes 
entre sí. Família de Colunas Largas modela o conceito de 
lista de colunas.
• Exemplo: Poderíamos definir pedidos como sendo uma Família de 

Colunas Largas, ordenados pelo seu id (concateção de Data + ID): 
20160728-1001
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Modelos de Distribuição de agregados

• Agregados podem ser distribuídos num Cluster/Grid, para
aumentar à escalabilidade, eficiência e disponibilidade;

• Uso de Fragmentos (subconjuntos de Agregados) e
Réplicas (Cópias);

• Desvantagens: aumento da complexidade.
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Modelos de Distribuição de agregados: 
Exemplos:

)LJXUH������6KDUGLQJ�SXWV�GLIIHUHQW�GDWD�RQ�VHSDUDWH�QRGHV��HDFK�RI�ZKLFK�GRHV�LWV�RZQ�UHDGV�DQG
ZULWHV�

,Q�WKH�LGHDO�FDVH��ZH�KDYH�GLIIHUHQW�XVHUV�DOO�WDONLQJ�WR�GLIIHUHQW�VHUYHU�QRGHV��(DFK�XVHU�RQO\�KDV�WR
WDON�WR�RQH�VHUYHU��VR�JHWV�UDSLG�UHVSRQVHV�IURP�WKDW�VHUYHU��7KH�ORDG�LV�EDODQFHG�RXW�QLFHO\�EHWZHHQ
VHUYHUV²IRU�H[DPSOH��LI�ZH�KDYH�WHQ�VHUYHUV��HDFK�RQH�RQO\�KDV�WR�KDQGOH�����RI�WKH�ORDG�
2I�FRXUVH�WKH�LGHDO�FDVH�LV�D�SUHWW\�UDUH�EHDVW��,Q�RUGHU�WR�JHW�FORVH�WR�LW�ZH�KDYH�WR�HQVXUH�WKDW�GDWD

WKDW¶V�DFFHVVHG�WRJHWKHU�LV�FOXPSHG�WRJHWKHU�RQ�WKH�VDPH�QRGH�DQG�WKDW�WKHVH�FOXPSV�DUH�DUUDQJHG�RQ
WKH�QRGHV�WR�SURYLGH�WKH�EHVW�GDWD�DFFHVV�
7KH�ILUVW�SDUW�RI�WKLV�TXHVWLRQ�LV�KRZ�WR�FOXPS�WKH�GDWD�XS�VR�WKDW�RQH�XVHU�PRVWO\�JHWV�KHU�GDWD�IURP

D�VLQJOH�VHUYHU��7KLV�LV�ZKHUH�DJJUHJDWH�RULHQWDWLRQ�FRPHV�LQ�UHDOO\�KDQG\��7KH�ZKROH�SRLQW�RI
DJJUHJDWHV�LV�WKDW�ZH�GHVLJQ�WKHP�WR�FRPELQH�GDWD�WKDW¶V�FRPPRQO\�DFFHVVHG�WRJHWKHU²VR�DJJUHJDWHV
OHDS�RXW�DV�DQ�REYLRXV�XQLW�RI�GLVWULEXWLRQ�
:KHQ�LW�FRPHV�WR�DUUDQJLQJ�WKH�GDWD�RQ�WKH�QRGHV��WKHUH�DUH�VHYHUDO�IDFWRUV�WKDW�FDQ�KHOS�LPSURYH

SHUIRUPDQFH��,I�\RX�NQRZ�WKDW�PRVW�DFFHVVHV�RI�FHUWDLQ�DJJUHJDWHV�DUH�EDVHG�RQ�D�SK\VLFDO�ORFDWLRQ�
\RX�FDQ�SODFH�WKH�GDWD�FORVH�WR�ZKHUH�LW¶V�EHLQJ�DFFHVVHG��,I�\RX�KDYH�RUGHUV�IRU�VRPHRQH�ZKR�OLYHV
LQ�%RVWRQ��\RX�FDQ�SODFH�WKDW�GDWD�LQ�\RXU�HDVWHUQ�86�GDWD�FHQWHU�
$QRWKHU�IDFWRU�LV�WU\LQJ�WR�NHHS�WKH�ORDG�HYHQ��7KLV�PHDQV�WKDW�\RX�VKRXOG�WU\�WR�DUUDQJH�DJJUHJDWHV

VR�WKH\�DUH�HYHQO\�GLVWULEXWHG�DFURVV�WKH�QRGHV�ZKLFK�DOO�JHW�HTXDO�DPRXQWV�RI�WKH�ORDG��7KLV�PD\�YDU\
RYHU�WLPH��IRU�H[DPSOH�LI�VRPH�GDWD�WHQGV�WR�EH�DFFHVVHG�RQ�FHUWDLQ�GD\V�RI�WKH�ZHHN²VR�WKHUH�PD\
EH�GRPDLQ�VSHFLILF�UXOHV�\RX¶G�OLNH�WR�XVH�
,Q�VRPH�FDVHV��LW¶V�XVHIXO�WR�SXW�DJJUHJDWHV�WRJHWKHU�LI�\RX�WKLQN�WKH\�PD\�EH�UHDG�LQ�VHTXHQFH��7KH

%LJWDEOH�SDSHU�>&KDQJ�HWF�@�GHVFULEHG�NHHSLQJ�LWV�URZV�LQ�OH[LFRJUDSKLF�RUGHU�DQG�VRUWLQJ�ZHE
DGGUHVVHV�EDVHG�RQ�UHYHUVHG�GRPDLQ�QDPHV��H�J���FRP�PDUWLQIRZOHU���7KLV�ZD\�GDWD�IRU�PXOWLSOH
SDJHV�FRXOG�EH�DFFHVVHG�WRJHWKHU�WR�LPSURYH�SURFHVVLQJ�HIILFLHQF\�
+LVWRULFDOO\�PRVW�SHRSOH�KDYH�GRQH�VKDUGLQJ�DV�SDUW�RI�DSSOLFDWLRQ�ORJLF��<RX�PLJKW�SXW�DOO

)LJXUH������'DWD�LV�UHSOLFDWHG�IURP�PDVWHU�WR�VODYHV��7KH�PDVWHU�VHUYLFHV�DOO�ZULWHV��UHDGV�PD\
FRPH�IURP�HLWKHU�PDVWHU�RU�VODYHV�

0DVWHU�VODYH�UHSOLFDWLRQ�LV�PRVW�KHOSIXO�IRU�VFDOLQJ�ZKHQ�\RX�KDYH�D�UHDG�LQWHQVLYH�GDWDVHW��<RX
FDQ�VFDOH�KRUL]RQWDOO\�WR�KDQGOH�PRUH�UHDG�UHTXHVWV�E\�DGGLQJ�PRUH�VODYH�QRGHV�DQG�HQVXULQJ�WKDW�DOO
UHDG�UHTXHVWV�DUH�URXWHG�WR�WKH�VODYHV��<RX�DUH�VWLOO��KRZHYHU��OLPLWHG�E\�WKH�DELOLW\�RI�WKH�PDVWHU�WR
SURFHVV�XSGDWHV�DQG�LWV�DELOLW\�WR�SDVV�WKRVH�XSGDWHV�RQ��&RQVHTXHQWO\�LW�LVQ¶W�VXFK�D�JRRG�VFKHPH�IRU
GDWDVHWV�ZLWK�KHDY\�ZULWH�WUDIILF��DOWKRXJK�RIIORDGLQJ�WKH�UHDG�WUDIILF�ZLOO�KHOS�D�ELW�ZLWK�KDQGOLQJ�WKH
ZULWH�ORDG�
$�VHFRQG�DGYDQWDJH�RI�PDVWHU�VODYH�UHSOLFDWLRQ�LV�UHDG�UHVLOLHQFH��6KRXOG�WKH�PDVWHU�IDLO��WKH

VODYHV�FDQ�VWLOO�KDQGOH�UHDG�UHTXHVWV��$JDLQ��WKLV�LV�XVHIXO�LI�PRVW�RI�\RXU�GDWD�DFFHVV�LV�UHDGV��7KH
IDLOXUH�RI�WKH�PDVWHU�GRHV�HOLPLQDWH�WKH�DELOLW\�WR�KDQGOH�ZULWHV�XQWLO�HLWKHU�WKH�PDVWHU�LV�UHVWRUHG�RU�D
QHZ�PDVWHU�LV�DSSRLQWHG��+RZHYHU��KDYLQJ�VODYHV�DV�UHSOLFDWHV�RI�WKH�PDVWHU�GRHV�VSHHG�XS�UHFRYHU\
DIWHU�D�IDLOXUH�RI�WKH�PDVWHU�VLQFH�D�VODYH�FDQ�EH�DSSRLQWHG�D�QHZ�PDVWHU�YHU\�TXLFNO\�
7KH�DELOLW\�WR�DSSRLQW�D�VODYH�WR�UHSODFH�D�IDLOHG�PDVWHU�PHDQV�WKDW�PDVWHU�VODYH�UHSOLFDWLRQ�LV

XVHIXO�HYHQ�LI�\RX�GRQ¶W�QHHG�WR�VFDOH�RXW��$OO�UHDG�DQG�ZULWH�WUDIILF�FDQ�JR�WR�WKH�PDVWHU�ZKLOH�WKH
VODYH�DFWV�DV�D�KRW�EDFNXS��,Q�WKLV�FDVH�LW¶V�HDVLHVW�WR�WKLQN�RI�WKH�V\VWHP�DV�D�VLQJOH�VHUYHU�VWRUH�ZLWK
D�KRW�EDFNXS��<RX�JHW�WKH�FRQYHQLHQFH�RI�WKH�VLQJOH�VHUYHU�FRQILJXUDWLRQ�EXW�ZLWK�JUHDWHU�UHVLOLHQFH²
ZKLFK�LV�SDUWLFXODUO\�KDQG\�LI�\RX�ZDQW�WR�EH�DEOH�WR�KDQGOH�VHUYHU�IDLOXUHV�JUDFHIXOO\�
0DVWHUV�FDQ�EH�DSSRLQWHG�PDQXDOO\�RU�DXWRPDWLFDOO\��0DQXDO�DSSRLQWLQJ�W\SLFDOO\�PHDQV�WKDW�ZKHQ

\RX�FRQILJXUH�\RXU�FOXVWHU��\RX�FRQILJXUH�RQH�QRGH�DV�WKH�PDVWHU��:LWK�DXWRPDWLF�DSSRLQWPHQW��\RX

Fragmentos Distribuídos em Vários 
Nós.

Fragmementos podem ser replicados 
em Nós Master e Slave.

Autor: Sadalage 
& Fowler, 2013
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Agregados - resumo

• Agregados definem um conjunto de dados que acessamos
como unidade. Limite para operações ACID;

• Banco de Dados Chave-Valor, Documentos e Famílias de 
Colunas – Banco de Dados Orientado a agregados;

• Agregados facilitam o armazenamento de dados em
Cluster/Grid;

• Facilitam o acesso quando realizado no mesmo agregado. 

• Banco de dados sem agregados são adequados quando as 
interações ocorrem em muitos padrões diferentes. 
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Agenda

● Introdução

● Agregados

● Exemplo de relações e 
agregados

● Modelo de dados de chave-
valor e de documentos

● Armazenamento de 
Famílias de Colunas

● Banco de Dados de Grafos

● Map-reduce

● Evolução de esquemas não 

relacionais 

36
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Categorias de Soluções Big Data

37

• Chave-valor. Ex: Riak, Redis;
• Documento. Ex: MongoDB;
• Famílias de Colunas. Ex: 

Cassandra, Hbase

Orientação a 
Agregados
Relacionamentos 
simples
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Orientação a agregados – relacionamentos
simples entre agregados

38

Autor: Sadalage 
& Fowler, 2013

)LJXUH������7\SLFDO�GDWD�XVLQJ�5'%06�GDWD�PRGHO
$V�ZH¶UH�JRRG�UHODWLRQDO�VROGLHUV��HYHU\WKLQJ�LV�SURSHUO\�QRUPDOL]HG��VR�WKDW�QR�GDWD�LV�UHSHDWHG�LQ

PXOWLSOH�WDEOHV��:H�DOVR�KDYH�UHIHUHQWLDO�LQWHJULW\��$�UHDOLVWLF�RUGHU�V\VWHP�ZRXOG�QDWXUDOO\�EH�PRUH
LQYROYHG�WKDQ�WKLV��EXW�WKLV�LV�WKH�EHQHILW�RI�WKH�UDUHILHG�DLU�RI�D�ERRN�
1RZ�OHW¶V�VHH�KRZ�WKLV�PRGHO�PLJKW�ORRN�ZKHQ�ZH�WKLQN�LQ�PRUH�DJJUHJDWH�RULHQWHG�WHUPV��)LJXUH

�����

)LJXUH������$Q�DJJUHJDWH�GDWD�PRGHO
$JDLQ��ZH�KDYH�VRPH�VDPSOH�GDWD��ZKLFK�ZH¶OO�VKRZ�LQ�-621�IRUPDW�DV�WKDW¶V�D�FRPPRQ
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Categorias de Soluções Big Data

39

● Chave-valor. Ex: Riak, Redis;
●Documento. Ex: MongoDB;
● Famílias de Colunas. Ex: 

Cassandra, Hbase
●Grafos. Ex: FlockDB, Neo4J

Orientação a 
Agregados
Relacionamentos 
simples

Orientação a 
Relacionamentos

Banco de Dados orientado a Grafos: registros 
pequenos com interconexões complexas.
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Exemplo de um modelo de grafos

40

*UDSK�GDWDEDVHV�DUH�DQ�RGG�ILVK�LQ�WKH�1R64/�SRQG��0RVW�1R64/�GDWDEDVHV�ZHUH�LQVSLUHG�E\�WKH
QHHG�WR�UXQ�RQ�FOXVWHUV��ZKLFK�OHG�WR�DJJUHJDWH�RULHQWHG�GDWD�PRGHOV�RI�ODUJH�UHFRUGV�ZLWK�VLPSOH
FRQQHFWLRQV��*UDSK�GDWDEDVHV�DUH�PRWLYDWHG�E\�D�GLIIHUHQW�IUXVWUDWLRQ�ZLWK�UHODWLRQDO�GDWDEDVHV�DQG
WKXV�KDYH�DQ�RSSRVLWH�PRGHO²VPDOO�UHFRUGV�ZLWK�FRPSOH[�LQWHUFRQQHFWLRQV��VRPHWKLQJ�OLNH�)LJXUH
����

)LJXUH������$Q�H[DPSOH�JUDSK�VWUXFWXUH
,Q�WKLV�FRQWH[W��D�JUDSK�LVQ¶W�D�EDU�FKDUW�RU�KLVWRJUDP��LQVWHDG��ZH�UHIHU�WR�D�JUDSK�GDWD�VWUXFWXUH�RI

QRGHV�FRQQHFWHG�E\�HGJHV�
,Q�)LJXUH�����ZH�KDYH�D�ZHE�RI�LQIRUPDWLRQ�ZKRVH�QRGHV�DUH�YHU\�VPDOO��QRWKLQJ�PRUH�WKDQ�D

QDPH��EXW�WKHUH�LV�D�ULFK�VWUXFWXUH�RI�LQWHUFRQQHFWLRQV�EHWZHHQ�WKHP��:LWK�WKLV�VWUXFWXUH��ZH�FDQ�DVN
TXHVWLRQV�VXFK�DV�³ILQG�WKH�ERRNV�LQ�WKH�'DWDEDVHV�FDWHJRU\�WKDW�DUH�ZULWWHQ�E\�VRPHRQH�ZKRP�D
IULHQG�RI�PLQH�OLNHV�´
*UDSK�GDWDEDVHV�VSHFLDOL]H�LQ�FDSWXULQJ�WKLV�VRUW�RI�LQIRUPDWLRQ²EXW�RQ�D�PXFK�ODUJHU�VFDOH�WKDQ�D

UHDGDEOH�GLDJUDP�FRXOG�FDSWXUH��7KLV�LV�LGHDO�IRU�FDSWXULQJ�DQ\�GDWD�FRQVLVWLQJ�RI�FRPSOH[
UHODWLRQVKLSV�VXFK�DV�VRFLDO�QHWZRUNV��SURGXFW�SUHIHUHQFHV��RU�HOLJLELOLW\�UXOHV�
7KH�IXQGDPHQWDO�GDWD�PRGHO�RI�D�JUDSK�GDWDEDVH�LV�YHU\�VLPSOH��QRGHV�FRQQHFWHG�E\�HGJHV��DOVR

FDOOHG�DUFV���%H\RQG�WKLV�HVVHQWLDO�FKDUDFWHULVWLF�WKHUH�LV�D�ORW�RI�YDULDWLRQ�LQ�GDWD�PRGHOV²LQ
SDUWLFXODU��ZKDW�PHFKDQLVPV�\RX�KDYH�WR�VWRUH�GDWD�LQ�\RXU�QRGHV�DQG�HGJHV��$�TXLFN�VDPSOH�RI�VRPH
FXUUHQW�FDSDELOLWLHV�LOOXVWUDWHV�WKLV�YDULHW\�RI�SRVVLELOLWLHV��)ORFN'%�LV�VLPSO\�QRGHV�DQG�HGJHV�ZLWK
QR�PHFKDQLVP�IRU�DGGLWLRQDO�DWWULEXWHV��1HR�-�DOORZV�\RX�WR�DWWDFK�-DYD�REMHFWV�DV�SURSHUWLHV�WR

Autor: Sadalage 
& Fowler, 2013
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Caraterísticas dos Banco de Dados de 
Grafos

41

• Grafo: Nós conectados por Arestas (arcos);
• Nós tem poucos dados (Nome), mas é rico em

relacionamentos;
• Aplicações que envolvam relacionamentos complexos.

Exemplo: redes sociais, preferências de produtos,
dentre outras.

• Permitem associar a arestas e nós objetos, que são
subtipos de Nós e Arestas (Neo4J, Infinete Graph);

• As Buscas são iniciadas pela localização de um Nó e
então segue-se pelas Arestas.
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Exemplo1:  Banco de Dados de  Grafos –
Rede Social
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Autor: Sadalage 
& Fowler, 2013

Exemplo: Infome tudo que Anna e 
Barbara Gostam:
- Procurar Pessoas (Nós) com 

nome Anna e Carol;
- Percorrer as Arestas (Gosta) dos 

Nós Anna e Carol;

*UDSK�GDWDEDVHV�DUH�DQ�RGG�ILVK�LQ�WKH�1R64/�SRQG��0RVW�1R64/�GDWDEDVHV�ZHUH�LQVSLUHG�E\�WKH
QHHG�WR�UXQ�RQ�FOXVWHUV��ZKLFK�OHG�WR�DJJUHJDWH�RULHQWHG�GDWD�PRGHOV�RI�ODUJH�UHFRUGV�ZLWK�VLPSOH
FRQQHFWLRQV��*UDSK�GDWDEDVHV�DUH�PRWLYDWHG�E\�D�GLIIHUHQW�IUXVWUDWLRQ�ZLWK�UHODWLRQDO�GDWDEDVHV�DQG
WKXV�KDYH�DQ�RSSRVLWH�PRGHO²VPDOO�UHFRUGV�ZLWK�FRPSOH[�LQWHUFRQQHFWLRQV��VRPHWKLQJ�OLNH�)LJXUH
����

)LJXUH������$Q�H[DPSOH�JUDSK�VWUXFWXUH
,Q�WKLV�FRQWH[W��D�JUDSK�LVQ¶W�D�EDU�FKDUW�RU�KLVWRJUDP��LQVWHDG��ZH�UHIHU�WR�D�JUDSK�GDWD�VWUXFWXUH�RI

QRGHV�FRQQHFWHG�E\�HGJHV�
,Q�)LJXUH�����ZH�KDYH�D�ZHE�RI�LQIRUPDWLRQ�ZKRVH�QRGHV�DUH�YHU\�VPDOO��QRWKLQJ�PRUH�WKDQ�D

QDPH��EXW�WKHUH�LV�D�ULFK�VWUXFWXUH�RI�LQWHUFRQQHFWLRQV�EHWZHHQ�WKHP��:LWK�WKLV�VWUXFWXUH��ZH�FDQ�DVN
TXHVWLRQV�VXFK�DV�³ILQG�WKH�ERRNV�LQ�WKH�'DWDEDVHV�FDWHJRU\�WKDW�DUH�ZULWWHQ�E\�VRPHRQH�ZKRP�D
IULHQG�RI�PLQH�OLNHV�´
*UDSK�GDWDEDVHV�VSHFLDOL]H�LQ�FDSWXULQJ�WKLV�VRUW�RI�LQIRUPDWLRQ²EXW�RQ�D�PXFK�ODUJHU�VFDOH�WKDQ�D

UHDGDEOH�GLDJUDP�FRXOG�FDSWXUH��7KLV�LV�LGHDO�IRU�FDSWXULQJ�DQ\�GDWD�FRQVLVWLQJ�RI�FRPSOH[
UHODWLRQVKLSV�VXFK�DV�VRFLDO�QHWZRUNV��SURGXFW�SUHIHUHQFHV��RU�HOLJLELOLW\�UXOHV�
7KH�IXQGDPHQWDO�GDWD�PRGHO�RI�D�JUDSK�GDWDEDVH�LV�YHU\�VLPSOH��QRGHV�FRQQHFWHG�E\�HGJHV��DOVR

FDOOHG�DUFV���%H\RQG�WKLV�HVVHQWLDO�FKDUDFWHULVWLF�WKHUH�LV�D�ORW�RI�YDULDWLRQ�LQ�GDWD�PRGHOV²LQ
SDUWLFXODU��ZKDW�PHFKDQLVPV�\RX�KDYH�WR�VWRUH�GDWD�LQ�\RXU�QRGHV�DQG�HGJHV��$�TXLFN�VDPSOH�RI�VRPH
FXUUHQW�FDSDELOLWLHV�LOOXVWUDWHV�WKLV�YDULHW\�RI�SRVVLELOLWLHV��)ORFN'%�LV�VLPSO\�QRGHV�DQG�HGJHV�ZLWK
QR�PHFKDQLVP�IRU�DGGLWLRQDO�DWWULEXWHV��1HR�-�DOORZV�\RX�WR�DWWDFK�-DYD�REMHFWV�DV�SURSHUWLHV�WR



Ciência dos Dados – Modelagem dos Dados não Relacional
Prof. Dr. Pedro Luiz Pizzigatti Corrêa

Exemplo2:  Comércio Eletrônico com 
Grafos
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Autor: Sadalage 
& Fowler, 2013

Exemplo: Que Cliente comprou um 
determinado produto “Caneta”:
- Procurar o Nó “Caneta”;
- Percorrer as Arestas (Comprou

ou Purchased) dos Nós
Customers.

Especialmente útil para recomendar
produtos a usuários ou encontrar
padrões de compras realizadas por
ele.

)LJXUH������*UDSK�PRGHO�RI�H�FRPPHUFH�GDWD
7KLV�W\SH�RI�UHODWLRQVKLS�WUDYHUVDO�LV�YHU\�HDV\�ZLWK�JUDSK�GDWDEDVHV��,W�LV�HVSHFLDOO\�FRQYHQLHQW

ZKHQ�\RX�QHHG�WR�XVH�WKH�GDWD�WR�UHFRPPHQG�SURGXFWV�WR�XVHUV�RU�WR�ILQG�SDWWHUQV�LQ�DFWLRQV�WDNHQ�E\
XVHUV�

�����.H\�3RLQWV
��$JJUHJDWH�RULHQWHG�GDWDEDVHV�PDNH�LQWHU�DJJUHJDWH�UHODWLRQVKLSV�PRUH�GLIILFXOW�WR�KDQGOH�WKDQ
LQWUD�DJJUHJDWH�UHODWLRQVKLSV�

��*UDSK�GDWDEDVHV�RUJDQL]H�GDWD�LQWR�QRGH�DQG�HGJH�JUDSKV��WKH\�ZRUN�EHVW�IRU�GDWD�WKDW�KDV
FRPSOH[�UHODWLRQVKLS�VWUXFWXUHV�

��6FKHPDOHVV�GDWDEDVHV�DOORZ�\RX�WR�IUHHO\�DGG�ILHOGV�WR�UHFRUGV��EXW�WKHUH�LV�XVXDOO\�DQ�LPSOLFLW
VFKHPD�H[SHFWHG�E\�XVHUV�RI�WKH�GDWD�

��$JJUHJDWH�RULHQWHG�GDWDEDVHV�RIWHQ�FRPSXWH�PDWHULDOL]HG�YLHZV�WR�SURYLGH�GDWD�RUJDQL]HG
GLIIHUHQWO\�IURP�WKHLU�SULPDU\�DJJUHJDWHV��7KLV�LV�RIWHQ�GRQH�ZLWK�PDS�UHGXFH�FRPSXWDWLRQV�
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Banco de Dados de Grafos
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• Banco de Dados orientados a Grafos são propensos a
funcionar num único servidor do que distribuído em
Clusters;

• Transações ACID precisam cobrir múltiplos Nós e
Arestas para manter a consistência;

• São mais eficientes que Banco de Dados Relacionais,
pois evitam múltiplos Joins para percorrer
relacionamentos entre linhas (registros) de diferentes
tabelas.
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Agenda
● Introdução

● Agregados

● Exemplo de relações e 
agregados

● Modelo de dados de chave-
valor e de documentos

● Armazenamento de 
Famílias de Colunas

● Banco de Dados de Grafos

● Map-reduce

● Evolução de esquemas não 

relacionais 
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Introdução
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●Map-reduce (Mapear-reduzir): padrão de computação
para organizar o processamento distribuído num
Cluster/Grid.

● Exemplo: considere o Agregado de ”Pedidos” com dados
do Cliente e dos Ítems de Produtos.
– Considere que os Agregados de Pedidos podem estar distribuídos

em vários nós (máquinas) do Cluster.
– Esse cenário faz sentido quando temos aplicações que precisam

acessar um pedido inteiro em um acesso.
– Porem imagine cenário de acesso pelo Departamento de

Marketing que precisa dados sobre consumo de cada produto
(nova Visão Materializada).
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Exemplo1: Map-reduce  de Pedidos
(operação Map)
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Autor: Sadalage 
& Fowler, 2013

• Cenário Principal: dados agregados a partir do pedido
• Cenário alternativo: acesso a por produto.
• Operação map recebe como entrada um Pedido e gera na saída vários pares

de chave/valor (nome do produto/dados do produto).

)LJXUH������$�PDS�IXQFWLRQ�UHDGV�UHFRUGV�IURP�WKH�GDWDEDVH�DQG�HPLWV�NH\�YDOXH�SDLUV�
(DFK�DSSOLFDWLRQ�RI�WKH�PDS�IXQFWLRQ�LV�LQGHSHQGHQW�RI�DOO�WKH�RWKHUV��7KLV�DOORZV�WKHP�WR�EH�VDIHO\

SDUDOOHOL]DEOH��VR�WKDW�D�PDS�UHGXFH�IUDPHZRUN�FDQ�FUHDWH�HIILFLHQW�PDS�WDVNV�RQ�HDFK�QRGH�DQG�IUHHO\
DOORFDWH�HDFK�RUGHU�WR�D�PDS�WDVN��7KLV�\LHOGV�D�JUHDW�GHDO�RI�SDUDOOHOLVP�DQG�ORFDOLW\�RI�GDWD�DFFHVV�
)RU�WKLV�H[DPSOH��ZH�DUH�MXVW�VHOHFWLQJ�D�YDOXH�RXW�RI�WKH�UHFRUG��EXW�WKHUH¶V�QR�UHDVRQ�ZK\�ZH�FDQ¶W
FDUU\�RXW�VRPH�DUELWUDULO\�FRPSOH[�IXQFWLRQ�DV�SDUW�RI�WKH�PDS²SURYLGLQJ�LW�RQO\�GHSHQGV�RQ�RQH
DJJUHJDWH¶V�ZRUWK�RI�GDWD�
$�PDS�RSHUDWLRQ�RQO\�RSHUDWHV�RQ�D�VLQJOH�UHFRUG��WKH�UHGXFH�IXQFWLRQ�WDNHV�PXOWLSOH�PDS�RXWSXWV

ZLWK�WKH�VDPH�NH\�DQG�FRPELQHV�WKHLU�YDOXHV��6R��D�PDS�IXQFWLRQ�PLJKW�\LHOG������OLQH�LWHPV�IURP
RUGHUV�IRU�³'DWDEDVH�5HIDFWRULQJ´��WKH�UHGXFH�IXQFWLRQ�ZRXOG�UHGXFH�GRZQ�WR�RQH��ZLWK�WKH�WRWDOV�IRU
WKH�TXDQWLW\�DQG�UHYHQXH��:KLOH�WKH�PDS�IXQFWLRQ�LV�OLPLWHG�WR�ZRUNLQJ�RQO\�RQ�GDWD�IURP�D�VLQJOH
DJJUHJDWH��WKH�UHGXFH�IXQFWLRQ�FDQ�XVH�DOO�YDOXHV�HPLWWHG�IRU�D�VLQJOH�NH\��VHH�)LJXUH������

)LJXUH������$�UHGXFH�IXQFWLRQ�WDNHV�VHYHUDO�NH\�YDOXH�SDLUV�ZLWK�WKH�VDPH�NH\�DQG�DJJUHJDWHV
WKHP�LQWR�RQH�

7KH�PDS�UHGXFH�IUDPHZRUN�DUUDQJHV�IRU�PDS�WDVNV�WR�EH�UXQ�RQ�WKH�FRUUHFW�QRGHV�WR�SURFHVV�DOO�WKH
GRFXPHQWV�DQG�IRU�GDWD�WR�EH�PRYHG�WR�WKH�UHGXFH�IXQFWLRQ��7R�PDNH�LW�HDVLHU�WR�ZULWH�WKH�UHGXFH
IXQFWLRQ��WKH�IUDPHZRUN�FROOHFWV�DOO�WKH�YDOXHV�IRU�D�VLQJOH�SDLU�DQG�FDOOV�WKH�UHGXFH�IXQFWLRQ�RQFH
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Exemplo1: Map-reduce  de Pedidos
(operação Map)
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Autor: Sadalage 
& Fowler, 2013

• Operação reduce: função que recebe como entrada múltiplos mapeamentos
com a mesma chave (Nome do Produto) e combina seus valores .

• Para desenvolver uma aplicação Map-reduce, basta fornecer as duas funções
(Map e Reduce).

• Vantagens do Map/Reduce: são operações independentes e podem ser
distribuídos entre os nós de um Cluster/Grid

)LJXUH������$�PDS�IXQFWLRQ�UHDGV�UHFRUGV�IURP�WKH�GDWDEDVH�DQG�HPLWV�NH\�YDOXH�SDLUV�
(DFK�DSSOLFDWLRQ�RI�WKH�PDS�IXQFWLRQ�LV�LQGHSHQGHQW�RI�DOO�WKH�RWKHUV��7KLV�DOORZV�WKHP�WR�EH�VDIHO\

SDUDOOHOL]DEOH��VR�WKDW�D�PDS�UHGXFH�IUDPHZRUN�FDQ�FUHDWH�HIILFLHQW�PDS�WDVNV�RQ�HDFK�QRGH�DQG�IUHHO\
DOORFDWH�HDFK�RUGHU�WR�D�PDS�WDVN��7KLV�\LHOGV�D�JUHDW�GHDO�RI�SDUDOOHOLVP�DQG�ORFDOLW\�RI�GDWD�DFFHVV�
)RU�WKLV�H[DPSOH��ZH�DUH�MXVW�VHOHFWLQJ�D�YDOXH�RXW�RI�WKH�UHFRUG��EXW�WKHUH¶V�QR�UHDVRQ�ZK\�ZH�FDQ¶W
FDUU\�RXW�VRPH�DUELWUDULO\�FRPSOH[�IXQFWLRQ�DV�SDUW�RI�WKH�PDS²SURYLGLQJ�LW�RQO\�GHSHQGV�RQ�RQH
DJJUHJDWH¶V�ZRUWK�RI�GDWD�
$�PDS�RSHUDWLRQ�RQO\�RSHUDWHV�RQ�D�VLQJOH�UHFRUG��WKH�UHGXFH�IXQFWLRQ�WDNHV�PXOWLSOH�PDS�RXWSXWV

ZLWK�WKH�VDPH�NH\�DQG�FRPELQHV�WKHLU�YDOXHV��6R��D�PDS�IXQFWLRQ�PLJKW�\LHOG������OLQH�LWHPV�IURP
RUGHUV�IRU�³'DWDEDVH�5HIDFWRULQJ´��WKH�UHGXFH�IXQFWLRQ�ZRXOG�UHGXFH�GRZQ�WR�RQH��ZLWK�WKH�WRWDOV�IRU
WKH�TXDQWLW\�DQG�UHYHQXH��:KLOH�WKH�PDS�IXQFWLRQ�LV�OLPLWHG�WR�ZRUNLQJ�RQO\�RQ�GDWD�IURP�D�VLQJOH
DJJUHJDWH��WKH�UHGXFH�IXQFWLRQ�FDQ�XVH�DOO�YDOXHV�HPLWWHG�IRU�D�VLQJOH�NH\��VHH�)LJXUH������

)LJXUH������$�UHGXFH�IXQFWLRQ�WDNHV�VHYHUDO�NH\�YDOXH�SDLUV�ZLWK�WKH�VDPH�NH\�DQG�DJJUHJDWHV
WKHP�LQWR�RQH�

7KH�PDS�UHGXFH�IUDPHZRUN�DUUDQJHV�IRU�PDS�WDVNV�WR�EH�UXQ�RQ�WKH�FRUUHFW�QRGHV�WR�SURFHVV�DOO�WKH
GRFXPHQWV�DQG�IRU�GDWD�WR�EH�PRYHG�WR�WKH�UHGXFH�IXQFWLRQ��7R�PDNH�LW�HDVLHU�WR�ZULWH�WKH�UHGXFH
IXQFWLRQ��WKH�IUDPHZRUN�FROOHFWV�DOO�WKH�YDOXHV�IRU�D�VLQJOH�SDLU�DQG�FDOOV�WKH�UHGXFH�IXQFWLRQ�RQFH



Ciência dos Dados – Modelagem dos Dados não Relacional
Prof. Dr. Pedro Luiz Pizzigatti Corrêa

Exemplo2: Map-reduces compostos
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Autor: Sadalage 
& Fowler, 2013

• Cenário: Departamento de Marketing quer estudar o desempenho de vendas
dos produtos entre os anos de 2011 e 2010 .

• A primeira fase do Map-reduce calcula o desempenho dos produtos no mês e
Ano

• A segunda fase do Map-reduce calcula o incremento do produto do ano 2011
em relação ao ano de 2010.

• A primeira fase do Map-reduce, poderia ser uma Visão Materializada.

)LJXUH������:KHQ�PDNLQJ�D�FRXQW��HDFK�PDS�HPLWV����ZKLFK�FDQ�EH�VXPPHG�WR�JHW�D�WRWDO�

�������$�7ZR�6WDJH�0DS�5HGXFH�([DPSOH
$V�PDS�UHGXFH�FDOFXODWLRQV�JHW�PRUH�FRPSOH[��LW¶V�XVHIXO�WR�EUHDN�WKHP�GRZQ�LQWR�VWDJHV�XVLQJ�D
SLSHV�DQG�ILOWHUV�DSSURDFK��ZLWK�WKH�RXWSXW�RI�RQH�VWDJH�VHUYLQJ�DV�LQSXW�WR�WKH�QH[W��UDWKHU�OLNH�WKH
SLSHOLQHV�LQ�81,;�
&RQVLGHU�DQ�H[DPSOH�ZKHUH�ZH�ZDQW�WR�FRPSDUH�WKH�VDOHV�RI�SURGXFWV�IRU�HDFK�PRQWK�LQ������WR

WKH�SULRU�\HDU��7R�GR�WKLV��ZH¶OO�EUHDN�WKH�FDOFXODWLRQV�GRZQ�LQWR�WZR�VWDJHV��7KH�ILUVW�VWDJH�ZLOO
SURGXFH�UHFRUGV�VKRZLQJ�WKH�DJJUHJDWH�ILJXUHV�IRU�D�VLQJOH�SURGXFW�LQ�D�VLQJOH�PRQWK�RI�WKH�\HDU��7KH
VHFRQG�VWDJH�WKHQ�XVHV�WKHVH�DV�LQSXWV�DQG�SURGXFHV�WKH�UHVXOW�IRU�D�VLQJOH�SURGXFW�E\�FRPSDULQJ�RQH
PRQWK¶V�UHVXOWV�ZLWK�WKH�VDPH�PRQWK�LQ�WKH�SULRU�\HDU��VHH�)LJXUH������

)LJXUH������$�FDOFXODWLRQ�EURNHQ�GRZQ�LQWR�WZR�PDS�UHGXFH�VWHSV��ZKLFK�ZLOO�EH�H[SDQGHG�LQ�WKH
QH[W�WKUHH�ILJXUHV

$�ILUVW�VWDJH��)LJXUH������ZRXOG�UHDG�WKH�RULJLQDO�RUGHU�UHFRUGV�DQG�RXWSXW�D�VHULHV�RI�NH\�YDOXH
SDLUV�IRU�WKH�VDOHV�RI�HDFK�SURGXFW�SHU�PRQWK�
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Map-reduce
• Map-Reduce são operações independentes e podem

ser distribuídos entre os nós de um Cluster/Grid.
• Se o resultado de uma computação for amplamente

utilizado pode ser armazenado como uma Visão
Materializada;

• Visões Materializadas podem ser implementatas por
meio de Map-Reduce, de forma a fatorar operações
que são comuns em cenários de acessos distintos.
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Agenda

● Introdução

● Agregados

● Exemplo de relações e 
agregados

● Modelo de dados de chave-
valor e de documentos

● Armazenamento de 
Famílias de Colunas

● Banco de Dados de Grafos

● Map-reduce

● Evolução de esquemas não 

relacionais 
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Evolução de Esquemas não relacionais
Alterações no esquema de dados são necessárias para
acompanhar a evolução de requisitos das aplicações
demandas pelo negócio que estão relacionadas.
• Aplicações de Big Data (no SQL) não necessitam de

esquemas de dados a priori;
• Alterações podem gerar inclusão/remoção/alteração na

estrutura do banco de dados ou agregados;
• As soluções de Banco de Dados não-relacionais

permitem as alterações a qualquer momento;
• As aplicações que acessam o Banco devem estar

preparadas para acessar dados em diferentes estruturas.
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Evolução de Esquemas não relacionais
Exemplo: considere a necessidade de alterar um atributo e
incluir um novo atributo para um ítem de produto:

53

%DVLF'%2EMHFW�RUGHU,WHP� �QHZ�%DVLF'%2EMHFW���
RUGHU,WHP�SXW��SURGXFW���SURGXFW1DPH��
RUGHU,WHP�SXW��SULFH���SULFH��
RUGHU,WHPV�DGG�RUGHU,WHP��

&RGH�WR�UHDG�WKH�GRFXPHQW�EDFN�IURP�WKH�GDWDEDVH�
&OLFN�KHUH�WR�YLHZ�FRGH�LPDJH

%DVLF'%2EMHFW�LWHP� ��%DVLF'%2EMHFW��RUGHU,WHP�
6WULQJ�SURGXFW1DPH� �LWHP�JHW6WULQJ��SURGXFW���
'RXEOH�SULFH� �LWHP�JHW'RXEOH��SULFH���

&KDQJLQJ�WKH�REMHFWV�WR�DGG�SUHIHUUHG6KLSSLQJ7\SH�GRHV�QRW�UHTXLUH�DQ\�FKDQJH�LQ�WKH�GDWDEDVH�
DV�WKH�GDWDEDVH�GRHV�QRW�FDUH�WKDW�GLIIHUHQW�GRFXPHQWV�GR�QRW�IROORZ�WKH�VDPH�VFKHPD��7KLV�DOORZV�IRU
IDVWHU�GHYHORSPHQW�DQG�HDV\�GHSOR\PHQWV��$OO�WKDW�QHHGV�WR�EH�GHSOR\HG�LV�WKH�DSSOLFDWLRQ²QR
FKDQJHV�RQ�WKH�GDWDEDVH�VLGH�DUH�QHHGHG��7KH�FRGH�KDV�WR�PDNH�VXUH�WKDW�GRFXPHQWV�WKDW�GR�QRW�KDYH
WKH�SUHIHUUHG6KLSSLQJ7\SH�DWWULEXWH�FDQ�VWLOO�EH�SDUVHG²DQG�WKDW¶V�DOO�
2I�FRXUVH�ZH�DUH�VLPSOLI\LQJ�WKH�VFKHPD�FKDQJH�VLWXDWLRQ�KHUH��/HW¶V�ORRN�DW�WKH�VFKHPD�FKDQJH�ZH

PDGH�EHIRUH��LQWURGXFLQJ�GLVFRXQWHG3ULFH�DQG�UHQDPLQJ�SULFH�WR�IXOO3ULFH��7R�PDNH�WKLV�FKDQJH�
ZH�UHQDPH�WKH�SULFH�DWWULEXWH�WR�IXOO3ULFH�DQG�DGG�GLVFRXQWHG3ULFH�DWWULEXWH��7KH�FKDQJHG
GRFXPHQW�LV
&OLFN�KHUH�WR�YLHZ�FRGH�LPDJH

^
�BLG�����%'�$(��&��������$)�$�����
�FXVWRPHULG���������
�QDPH����,QGLD�+RXVH��
�VLQFH����������������
�RUGHU���^
���RUGHULG���������8;:(���������
�����RUGHUGDWH����������������
�����RUGHU,WHPV���>^�SURGXFW����&KDLU�&RYHUV��
���������������������IXOO3ULFH���������
���������������������GLVFRXQWHG3ULFH�������`@
����`
`

2QFH�ZH�GHSOR\�WKLV�FKDQJH��QHZ�FXVWRPHUV�DQG�WKHLU�RUGHUV�FDQ�EH�VDYHG�DQG�UHDG�EDFN�ZLWKRXW
SUREOHPV��EXW�IRU�H[LVWLQJ�RUGHUV�WKH�SULFH�RI�WKHLU�SURGXFW�FDQQRW�EH�UHDG��EHFDXVH�QRZ�WKH�FRGH�LV
ORRNLQJ�IRU�IXOO3ULFH�EXW�WKH�GRFXPHQW�KDV�RQO\�SULFH�

��������,QFUHPHQWDO�0LJUDWLRQ
6FKHPD�PLVPDWFK�WULSV�PDQ\�QHZ�FRQYHUWV�WR�WKH�1R64/�ZRUOG��:KHQ�VFKHPD�LV�FKDQJHG�RQ�WKH
DSSOLFDWLRQ��ZH�KDYH�WR�PDNH�VXUH�WR�FRQYHUW�DOO�WKH�H[LVWLQJ�GDWD�WR�WKH�QHZ�VFKHPD��GHSHQGLQJ�RQ
GDWD�VL]H��WKLV�PLJKW�EH�DQ�H[SHQVLYH�RSHUDWLRQ���$QRWKHU�RSWLRQ�ZRXOG�EH�WR�PDNH�VXUH�WKDW�GDWD�
EHIRUH�WKH�VFKHPD�FKDQJHG��FDQ�VWLOO�EH�SDUVHG�E\�WKH�QHZ�FRGH��DQG�ZKHQ�LW¶V�VDYHG��LW�LV�VDYHG�EDFN
LQ�WKH�QHZ�VFKHPD��7KLV�WHFKQLTXH��NQRZQ�DV�LQFUHPHQWDO�PLJUDWLRQ��ZLOO�PLJUDWH�GDWD�RYHU�WLPH�
VRPH�GDWD�PD\�QHYHU�JHW�PLJUDWHG��EHFDXVH�LW�ZDV�QHYHU�DFFHVVHG��:H�DUH�UHDGLQJ�ERWK�SULFH�DQG
IXOO3ULFH�IURP�WKH�GRFXPHQW�
&OLFN�KHUH�WR�YLHZ�FRGH�LPDJH

%DVLF'%2EMHFW�LWHP� ��%DVLF'%2EMHFW��RUGHU,WHP�
6WULQJ�SURGXFW1DPH� �LWHP�JHW6WULQJ��SURGXFW���

8VLQJ�WKH�WUDQVLWLRQ�SKDVH�WHFKQLTXH��ZH�LQWURGXFH�WKH�QHZ�FROXPQ�IXOOQDPH��FRS\�WKH�GDWD�RYHU�WR
IXOOQDPH��EXW�OHDYH�WKH�ROG�FROXPQ�IQDPH�DURXQG��:H�DOVR�LQWURGXFH�D�%()25(�83'$7(�WULJJHU�WR
V\QFKURQL]H�GDWD�EHWZHHQ�WKH�FROXPQV�EHIRUH�WKH\�DUH�FRPPLWWHG�WR�WKH�GDWDEDVH�
1RZ��ZKHQ�DSSOLFDWLRQV�UHDG�GDWD�IURP�WKH�WDEOH��WKH\�ZLOO�UHDG�HLWKHU�IURP�IQDPH�RU�IURP

IXOOQDPH�EXW�ZLOO�DOZD\V�JHW�WKH�ULJKW�GDWD��:H�FDQ�GURS�WKH�WULJJHU�DQG�WKH�IQDPH�FROXPQ�RQFH�DOO
WKH�DSSOLFDWLRQV�KDYH�PRYHG�RQ�WR�XVLQJ�WKH�QHZ�IXOOQDPH�FROXPQ�
,W¶V�YHU\�KDUG�WR�GR�VFKHPD�PLJUDWLRQV�RQ�ODUJH�GDWDVHWV�LQ�5'%06��HVSHFLDOO\�LI�ZH�KDYH�WR�NHHS

WKH�GDWDEDVH�DYDLODEOH�WR�WKH�DSSOLFDWLRQV��DV�ODUJH�GDWD�PRYHPHQWV�DQG�VWUXFWXUDO�FKDQJHV�XVXDOO\
FUHDWH�ORFNV�RQ�WKH�GDWDEDVH�WDEOHV�

������6FKHPD�&KDQJHV�LQ�D�1R64/�'DWD�6WRUH
$Q�5'%06�GDWDEDVH�KDV�WR�EH�FKDQJHG�EHIRUH�WKH�DSSOLFDWLRQ�LV�FKDQJHG��7KLV�LV�ZKDW�WKH�VFKHPD�
IUHH��RU�VFKHPDOHVV��DSSURDFK�WULHV�WR�DYRLG��DLPLQJ�DW�IOH[LELOLW\�RI�VFKHPD�FKDQJHV�SHU�HQWLW\�
)UHTXHQW�FKDQJHV�WR�WKH�VFKHPD�DUH�QHHGHG�WR�UHDFW�WR�IUHTXHQW�PDUNHW�FKDQJHV�DQG�SURGXFW
LQQRYDWLRQV�
:KHQ�GHYHORSLQJ�ZLWK�1R64/�GDWDEDVHV��LQ�VRPH�FDVHV�WKH�VFKHPD�GRHV�QRW�KDYH�WR�EH�WKRXJKW

DERXW�EHIRUHKDQG��:H�VWLOO�KDYH�WR�GHVLJQ�DQG�WKLQN�DERXW�RWKHU�DVSHFWV��VXFK�DV�WKH�W\SHV�RI
UHODWLRQVKLSV��ZLWK�JUDSK�GDWDEDVHV���RU�WKH�QDPHV�RI�WKH�FROXPQ�IDPLOLHV��URZV��FROXPQV��RUGHU�RI
FROXPQV��ZLWK�FROXPQ�GDWDEDVHV���RU�KRZ�DUH�WKH�NH\V�DVVLJQHG�DQG�ZKDW�LV�WKH�VWUXFWXUH�RI�WKH�GDWD
LQVLGH�WKH�YDOXH�REMHFW��ZLWK�NH\�YDOXH�VWRUHV���(YHQ�LI�ZH�GLGQ¶W�WKLQN�DERXW�WKHVH�XS�IURQW��RU�LI�ZH
ZDQW�WR�FKDQJH�RXU�GHFLVLRQV��LW�LV�HDV\�WR�GR�VR�
7KH�FODLP�WKDW�1R64/�GDWDEDVHV�DUH�HQWLUHO\�VFKHPDOHVV�LV�PLVOHDGLQJ��ZKLOH�WKH\�VWRUH�WKH�GDWD

ZLWKRXW�UHJDUG�WR�WKH�VFKHPD�WKH�GDWD�DGKHUHV�WR��WKDW�VFKHPD�KDV�WR�EH�GHILQHG�E\�WKH�DSSOLFDWLRQ�
EHFDXVH�WKH�GDWD�VWUHDP�KDV�WR�EH�SDUVHG�E\�WKH�DSSOLFDWLRQ�ZKHQ�UHDGLQJ�WKH�GDWD�IURP�WKH�GDWDEDVH�
$OVR��WKH�DSSOLFDWLRQ�KDV�WR�FUHDWH�WKH�GDWD�WKDW�ZRXOG�EH�VDYHG�LQ�WKH�GDWDEDVH��,I�WKH�DSSOLFDWLRQ
FDQQRW�SDUVH�WKH�GDWD�IURP�WKH�GDWDEDVH��ZH�KDYH�D�VFKHPD�PLVPDWFK�HYHQ�LI��LQVWHDG�RI�WKH�5'%06
GDWDEDVH�WKURZLQJ�D�HUURU��WKLV�HUURU�LV�QRZ�HQFRXQWHUHG�E\�WKH�DSSOLFDWLRQ��7KXV��HYHQ�LQ�VFKHPDOHVV
GDWDEDVHV��WKH�VFKHPD�RI�WKH�GDWD�KDV�WR�EH�WDNHQ�LQWR�FRQVLGHUDWLRQ�ZKHQ�UHIDFWRULQJ�WKH�DSSOLFDWLRQ�
6FKHPD�FKDQJHV�HVSHFLDOO\�PDWWHU�ZKHQ�WKHUH�LV�D�GHSOR\HG�DSSOLFDWLRQ�DQG�H[LVWLQJ�SURGXFWLRQ

GDWD��)RU�WKH�VDNH�RI�VLPSOLFLW\��DVVXPH�ZH�DUH�XVLQJ�D�GRFXPHQW�GDWD�VWRUH�OLNH�0RQJR'%
>0RQJR'%@�DQG�ZH�KDYH�WKH�VDPH�GDWD�PRGHO�DV�EHIRUH��FXVWRPHU��RUGHU��DQG�RUGHU,WHPV�
&OLFN�KHUH�WR�YLHZ�FRGH�LPDJH

^
�BLG�����%'�$(��&��������$)�$�����
�FXVWRPHULG���������
�QDPH����)RR�6XVKL�,QF��
�VLQFH����������������
�RUGHU���^
�����RUGHULG���������8;:(����������RUGHUGDWH����������������
�����RUGHU,WHPV���>^�SURGXFW����)RUWXQH�&RRNLHV��
���������������������SULFH��������`@
����`
`

$SSOLFDWLRQ�FRGH�WR�ZULWH�WKLV�GRFXPHQW�VWUXFWXUH�WR�0RQJR'%�
&OLFN�KHUH�WR�YLHZ�FRGH�LPDJHAssim que ocorrer essas alterações para os novos pedidos e podem ser

gravados e lidos, porem os antigos devem ter problemas, pois irão
procurar fullprice e o documento tem somente price.
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Estratégia:  Migração incremental
Migração Incremental: Na medida que forem sendo
feitas leituras, serão feitas migrações para o novo
esquema:
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'RXEOH�IXOO3ULFH� �LWHP�JHW'RXEOH��SULFH���
LI��IXOO3ULFH�  �QXOO��^
����IXOO3ULFH� �LWHP�JHW'RXEOH��IXOO3ULFH���
`
'RXEOH�GLVFRXQWHG3ULFH� �LWHP�JHW'RXEOH��GLVFRXQWHG3ULFH���

:KHQ�ZULWLQJ�WKH�GRFXPHQW�EDFN��WKH�ROG�DWWULEXWH�SULFH�LV�QRW�VDYHG�
&OLFN�KHUH�WR�YLHZ�FRGH�LPDJH

%DVLF'%2EMHFW�RUGHU,WHP� �QHZ�%DVLF'%2EMHFW���
RUGHU,WHP�SXW��SURGXFW���SURGXFW1DPH��
RUGHU,WHP�SXW��IXOO3ULFH���SULFH��
RUGHU,WHP�SXW��GLVFRXQWHG3ULFH���GLVFRXQWHG3ULFH��
RUGHU,WHPV�DGG�RUGHU,WHP��

:KHQ�XVLQJ�LQFUHPHQWDO�PLJUDWLRQ��WKHUH�FRXOG�EH�PDQ\�YHUVLRQV�RI�WKH�REMHFW�RQ�WKH�DSSOLFDWLRQ
VLGH�WKDW�FDQ�WUDQVODWH�WKH�ROG�VFKHPD�WR�WKH�QHZ�VFKHPD��ZKLOH�VDYLQJ�WKH�REMHFW�EDFN��LW�LV�VDYHG
XVLQJ�WKH�QHZ�REMHFW��7KLV�JUDGXDO�PLJUDWLRQ�RI�WKH�GDWD�KHOSV�WKH�DSSOLFDWLRQ�HYROYH�IDVWHU�
7KH�LQFUHPHQWDO�PLJUDWLRQ�WHFKQLTXH�ZLOO�FRPSOLFDWH�WKH�REMHFW�GHVLJQ��HVSHFLDOO\�DV�QHZ�FKDQJHV

DUH�EHLQJ�LQWURGXFHG�\HW�ROG�FKDQJHV�DUH�QRW�EHLQJ�WDNHQ�RXW��7KLV�SHULRG�EHWZHHQ�WKH�FKDQJH
GHSOR\PHQW�DQG�WKH�ODVW�REMHFW�LQ�WKH�GDWDEDVH�PLJUDWLQJ�WR�WKH�QHZ�VFKHPD�LV�NQRZQ�DV�WKH�WUDQVLWLRQ
SHULRG��)LJXUH��������.HHS�LW�DV�VKRUW�DV�SRVVLEOH�DQG�IRFXV�LW�WR�WKH�PLQLPXP�SRVVLEOH�VFRSH²WKLV
ZLOO�KHOS�\RX�NHHS�\RXU�REMHFWV�FOHDQ�

)LJXUH�������7UDQVLWLRQ�SHULRG�RI�VFKHPD�FKDQJHV
7KH�LQFUHPHQWDO�PLJUDWLRQ�WHFKQLTXH�FDQ�DOVR�EH�LPSOHPHQWHG�ZLWK�D�VFKHPDBYHUVLRQ�ILHOG�RQ�WKH

GDWD��XVHG�E\�WKH�DSSOLFDWLRQ�WR�FKRRVH�WKH�FRUUHFW�FRGH�WR�SDUVH�WKH�GDWD�LQWR�WKH�REMHFWV��:KHQ
VDYLQJ��WKH�GDWD�LV�PLJUDWHG�WR�WKH�ODWHVW�YHUVLRQ�DQG�WKH�VFKHPDBYHUVLRQ�LV�XSGDWHG�WR�UHIOHFW�WKDW�
+DYLQJ�D�SURSHU�WUDQVODWLRQ�OD\HU�EHWZHHQ�\RXU�GRPDLQ�DQG�WKH�GDWDEDVH�LV�LPSRUWDQW�VR�WKDW��DV�WKH

VFKHPD�FKDQJHV��PDQDJLQJ�PXOWLSOH�YHUVLRQV�RI�WKH�VFKHPD�LV�UHVWULFWHG�WR�WKH�WUDQVODWLRQ�OD\HU�DQG
GRHV�QRW�OHDN�LQWR�WKH�ZKROH�DSSOLFDWLRQ�
0RELOH�DSSV�FUHDWH�VSHFLDO�UHTXLUHPHQWV��6LQFH�ZH�FDQQRW�HQIRUFH�WKH�ODWHVW�XSJUDGHV�RI�WKH

DSSOLFDWLRQ��WKH�DSSOLFDWLRQ�VKRXOG�EH�DEOH�WR�KDQGOH�DOPRVW�DOO�YHUVLRQV�RI�WKH�VFKHPD�
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