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%DVLF�3ULQFLSOH�RI�/RRNXS%DVLF�3ULQFLSOH�RI�/RRNXS
&RXQWLQJ�WKH�5HIHUHQFHV&RXQWLQJ�WKH�5HIHUHQFHV
'\QDPLF�8SGDWHV�WR�WKH�5HIHUHQFH�7DEOH'\QDPLF�8SGDWHV�WR�WKH�5HIHUHQFH�7DEOH
6WRSSLQJ�DQG�5HVWDUWLQJ6WRSSLQJ�DQG�5HVWDUWLQJ

([DPSOHV�VKRZQ�LQVLGH�DSSHDU�VPDOOHU�WKDQ�WKH\�DUH��
&RPSOHWH�H[DPSOHV�DW�KWWS���SXFF�SULQFHWRQ�HGX�aSLSHOLQH�
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%DVLF�3ULQFLSOH�RI�/RRNXS%DVLF�3ULQFLSOH�RI�/RRNXS

process an input stream (detail records)  
against a reference (master records), 
comparing a key field

GHWDLO�UHFRUGVGHWDLO�UHFRUGV
PDVWHU�UHFRUGVPDVWHU�UHFRUGV

PDWFKHG�UHFRUGVPDWFKHG�UHFRUGV
XQPDWFKHG�UHFRUGVXQPDWFKHG�UHFRUGV
XQXVHG�PDVWHUVXQXVHG�PDVWHUV

LQSXW�VWUHDPVLQSXW�VWUHDPV RXWSXW�VWUHDPVRXWSXW�VWUHDPV

$�6LPSOH�([DPSOH$�6LPSOH�([DPSOH

PIPE (end \)PIPE (end \)
\ cp q link 19e\ cp q link 19e
| split ,| split ,
| x: lookup w1| x: lookup w1

detail masterdetail master
| spec w2.2 1| spec w2.2 1

read 10-* nwread 10-* nw
| cons| cons
\ < users list\ < users list
| x: | x: 

cp <

split

x: lookup

spec

cons
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$�)DLUO\�6LPSOH�([DPSOH$�)DLUO\�6LPSOH�([DPSOH

PIPE (end \)PIPE (end \)
\ cp q link 19e\ cp q link 19e
| split ,| split ,
| x: lookup w1| x: lookup w1

detail masterdetail master
| spec w2.2 1| spec w2.2 1

read 10-* nwread 10-* nw
| i: faninany| i: faninany
| cons| cons
\ < users list\ < users list
| x:| x:
| insert /Userid /| insert /Userid /
| i:| i:

  

cp <

split

x: lookup

spec

cons

i: faninany

insert

��

��

$�/HVV�6LPSOH�([DPSOH$�/HVV�6LPSOH�([DPSOH

PIPE (end \)PIPE (end \)
\ cp q link 19e\ cp q link 19e
| split ,| split ,
| x: lookup w1| x: lookup w1

detail masterdetail master
| spec w2.2 1| spec w2.2 1

read 10-* nwread 10-* nw
| i: faninany| i: faninany
| cons| cons
\ < users list\ < users list
| x:| x:
| insert /Userid /| insert /Userid /
| i:| i:
\ x:\ x:
| insert /No link /| insert /No link /
| i:| i:

  

cp <

split

x: lookup

spec

cons

i: faninany

insertinsert
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0DWFKHG�5HFRUGV�:ULWWHQ0DWFKHG�5HFRUGV�:ULWWHQ

any combination of detail and master

detail

detail

detail

master

master

allmasters to retain duplicate masters

,QSXW�5DQJHV,QSXW�5DQJHV

WZR�LQSXW�UDQJHV�GHILQH�WKH�NH\�ILHOGWZR�LQSXW�UDQJHV�GHILQH�WKH�NH\�ILHOG

SDGSDG SDG�VKRUW�UHFRUGVSDG�VKRUW�UHFRUGV
DQ\FDVHDQ\FDVH FDVH�LQVHQVLWLYH�PDWFKFDVH�LQVHQVLWLYH�PDWFK

LQSXW�UDQJHV��LQSXW�UDQJHV�� ������
����������Z�����������Z�
����������VXEVWU�Z��RI��������������VXEVWU�Z��RI����
����������VXEVWU�IV���I��RI�Z�����������VXEVWU�IV���I��RI�Z�

7-8



5HSODFH�&DVFDGH�RI�/RFDWHV5HSODFH�&DVFDGH�RI�/RFDWHV
\ < rscs logging
| x1: locate w2 /DMTNHD144I/
| f: faninany
| process... 
\ x1:
| x2: locate w2 /DMTNHD145I/
| f: 
\ x2:
| x3: locate w2 /DMTNHD146I/
| f:
\ x3:
.... 

\ < rscs logging
| lookup w2 w1 detail
| process ...
\ literal DMTNHD144I 
          DMTNHD145I
          DMTNHD146I
| split
| l:

less code to write
runs faster
easy to maintain

([DPSOH��9DOLGDWH�&*,�SDUDPHWHUV([DPSOH��9DOLGDWH�&*,�SDUDPHWHUV

&*,�QHHGV�WR�SURFHVV�SDUDPHWHUV�SDVVHG�E\�WKH�&*,�QHHGV�WR�SURFHVV�SDUDPHWHUV�SDVVHG�E\�WKH�
EURZVHUEURZVHU
(DV\�SURJUDPPLQJ�ZKHQ�YDOXHV�DUH�VWRUHG�LQ�(DV\�SURJUDPPLQJ�ZKHQ�YDOXHV�DUH�VWRUHG�LQ�
5(;;�YDULDEOHV5(;;�YDULDEOHV
)LOWHU�RXW�DQ\�LQFRUUHFW�YDULDEOH�QDPHV)LOWHU�RXW�DQ\�LQFRUUHFW�YDULDEOH�QDPHV
3URYLGH�GHIDXOWV�IRU�RPLWWHG�YDOXHV3URYLGH�GHIDXOWV�IRU�RPLWWHG�YDOXHV
2QH�WDJ�SOXV�YDOXH�SHU�LQSXW�UHFRUG2QH�WDJ�SOXV�YDOXH�SHU�LQSXW�UHFRUG

 name=Rob van der Heij
 email=rvdheij@nl.ibm.com
 country=nl
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([DPSOH��9DOLGDWH�&*,�SDUDPHWHUV([DPSOH��9DOLGDWH�&*,�SDUDPHWHUV
callpipe (end \ name validprm)
\ *:     tags to be validated 

| l: lookup anycase fs = f1 detail
| i: fanin
| xlate fs = f1   uppercase name
| insert ,=,      make it VARLOADable
| *:
\ *.input.1: list of tags plus default

| l: 
\ l: missing tags with default

| i:

a single lookup 
validation of the tags
supply a default value

 tags plus default
 name=
 email=
 street=
 city=
 country=us

further enhancement
deal with optional versus 
required fields

6WUHDPV�XVHG�E\�ORRNXS��VR�IDU�6WUHDPV�XVHG�E\�ORRNXS��VR�IDU�

PDVWHU�UHFRUGV�RQ�VHFRQGDU\�VWUHDP�UHDG�ILUVWPDVWHU�UHFRUGV�RQ�VHFRQGDU\�VWUHDP�UHDG�ILUVW
XQPDWFKHG�PDVWHUV�RQ�WHUWLDU\�RXWSXW�ZULWWHQ�XQPDWFKHG�PDVWHUV�RQ�WHUWLDU\�RXWSXW�ZULWWHQ�
DIWHU�WHUPLQDWLRQDIWHU�WHUPLQDWLRQ

lookup

detail records

master records

matched detail

unmatched detail

unmatched masters
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$JHQGD$JHQGD

%DVLF�3ULQFLSOH�RI�/RRNXS%DVLF�3ULQFLSOH�RI�/RRNXS
&RXQWLQJ�WKH�5HIHUHQFHV&RXQWLQJ�WKH�5HIHUHQFHV
'\QDPLF�8SGDWHV�WR�WKH�5HIHUHQFH�7DEOH'\QDPLF�8SGDWHV�WR�WKH�5HIHUHQFH�7DEOH
6WRSSLQJ�DQG�5HVWDUWLQJ6WRSSLQJ�DQG�5HVWDUWLQJ

&RXQWLQJ�WKH�5HIHUHQFHV&RXQWLQJ�WKH�5HIHUHQFHV

FRXQWHU�PDLQWDLQHG�ZLWK�HDFK�UHIHUHQFH�UHFRUG�FRXQWHU�PDLQWDLQHG�ZLWK�HDFK�UHIHUHQFH�UHFRUG�
LQ�WKH�WDEOHLQ�WKH�WDEOH
FRXQWHU�LV�LQFUHPHQWHG�ZKHQ�D�GHWDLO�UHFRUG�FRXQWHU�LV�LQFUHPHQWHG�ZKHQ�D�GHWDLO�UHFRUG�
PDWFKHV�WKH�UHIHUHQFH�UHFRUGPDWFKHV�WKH�UHIHUHQFH�UHFRUG
RULJLQDOO\�XVHG�WR�FRXQW�WKH�QXPEHU�RI�KLWVRULJLQDOO\�XVHG�WR�FRXQW�WKH�QXPEHU�RI�KLWV
XVHG�WR�WHOO�ZKHWKHU�D�UHIHUHQFH�UHFRUG�ZDV�KLWXVHG�WR�WHOO�ZKHWKHU�D�UHIHUHQFH�UHFRUG�ZDV�KLW
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7KH�&2817�RSWLRQ7KH�&2817�RSWLRQ

SUHIL[HV�PDVWHUV�RQ�WHUWLDU\�RXWSXW�ZLWK�WKH�SUHIL[HV�PDVWHUV�RQ�WHUWLDU\�RXWSXW�ZLWK�WKH�
FRXQW�YDOXHFRXQW�YDOXH
DOO�UHIHUHQFH�UHFRUGV�ZULWWHQ�WR�WKH�WHUWLDU\�DOO�UHIHUHQFH�UHFRUGV�ZULWWHQ�WR�WKH�WHUWLDU\�
RXWSXW��ERWK�XQPDWFKHG�DQG�PDWFKHG��RXWSXW��ERWK�XQPDWFKHG�DQG�PDWFKHG��

���VRPHWLPHV����VRPHWLPHV�VRUW�FRXQWVRUW�FRXQW�FDQ�GR�LW�DV�ZHOO�FDQ�GR�LW�DV�ZHOO

\ cms listfile * *
| l: lookup count 10.8 1.8
            detail master
| spec 1-17 1 read 10-8 nw
| > file0 output a
\ < filetype describe
| l: 
| > file1 output a
\ l: 
| insert , , after 10
| > file2 output a

([DPSOH��&2817�RSWLRQ([DPSOH��&2817�RSWLRQ

 LIST3820 AFP Output
 OFSLOGfl OV/VM Notelog
 NOTEBOOK CMS Notebook
 EXEC     REXX program

          0 EXEC     REXX program
          2 LIST3820 AFP Output
          0 NOTEBOOK CMS Notebook
          2 OFSLOGfl OV/VM Notelog

 RMHLUP   LIST3820 AFP Output
 PIPELINE OFSLOGfl OV/VM Notelog
 JPH      OFSLOGfl OV/VM Notelog
 VMESA230 LIST3820 AFP Output

 PROFILE  XEDIT

from detail from master
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7KH�75$&.&2817�RSWLRQ7KH�75$&.&2817�RSWLRQ

SUHIL[HV�PDVWHU�UHFRUGV�RQ�SUHIL[HV�PDVWHU�UHFRUGV�RQ�SULPDU\SULPDU\�RXWSXW�ZLWK��RXWSXW�ZLWK�
WKH�FXUUHQW�FRXQWHU�YDOXHWKH�FXUUHQW�FRXQWHU�YDOXH
FRXQWHU�LV�LQFUHPHQWHG�EHIRUH�ZULWLQJ�WKH�RXWSXW�FRXQWHU�LV�LQFUHPHQWHG�EHIRUH�ZULWLQJ�WKH�RXWSXW�
UHFRUG��VR�RXWSXW�VWDUWV�ZLWK���UHFRUG��VR�RXWSXW�VWDUWV�ZLWK���

XVHIXO�WR�DVVLJQ�VHTXHQFH�QXPEHUV�WR�UHFRUGV�LQ�D�XVHIXO�WR�DVVLJQ�VHTXHQFH�QXPEHUV�WR�UHFRUGV�LQ�D�
UXQ�ZLWKRXW�VRUWLQJ�WKHP�ILUVWUXQ�ZLWKRXW�VRUWLQJ�WKHP�ILUVW

7KH�6(7&2817�RSWLRQ7KH�6(7&2817�RSWLRQ

PDVWHU�UHFRUGV�SUHIL[HG�ZLWK�D����GLJLW�LQLWLDO�PDVWHU�UHFRUGV�SUHIL[HG�ZLWK�D����GLJLW�LQLWLDO�
YDOXH�IRU�WKH�FRXQWHUYDOXH�IRU�WKH�FRXQWHU
XVHIXO�LI�\RX�QHHG�WR�UHORDG�WKH�UHIHUHQFH�WDEOH�XVHIXO�LI�\RX�QHHG�WR�UHORDG�WKH�UHIHUHQFH�WDEOH�
IURP�DQ�HDUOLHU�LQYRFDWLRQIURP�DQ�HDUOLHU�LQYRFDWLRQ
DOVR�PDQ\�RWKHU�LQWHUHVWLQJ�DSSOLFDWLRQVDOVR�PDQ\�RWKHU�LQWHUHVWLQJ�DSSOLFDWLRQV
QHJDWLYH�YDOXH�DOVR�SRVVLEOHQHJDWLYH�YDOXH�DOVR�SRVVLEOH
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7KH�,1&5(0(17�RSWLRQ7KH�,1&5(0(17�RSWLRQ

GHWDLO�UHFRUGV�RQ�SULPDU\�LQSXW�SUHIL[HG�ZLWK�WKH�GHWDLO�UHFRUGV�RQ�SULPDU\�LQSXW�SUHIL[HG�ZLWK�WKH�
LQFUHPHQW�YDOXH�IRU�WKH�FRXQWHULQFUHPHQW�YDOXH�IRU�WKH�FRXQWHU
XVHIXO�IRU�PDLQWDLQLQJ�
VFRUH
�W\SH�YDOXHVXVHIXO�IRU�PDLQWDLQLQJ�
VFRUH
�W\SH�YDOXHV
LQFUHPHQW�RI�]HUR�PHDQV�WKH�KLW�LV�QRW�FRXQWHGLQFUHPHQW�RI�]HUR�PHDQV�WKH�KLW�LV�QRW�FRXQWHG

&RXQWLQJ�RSWLRQV�DUH�LQGHSHQGHQW�RI�HDFK�RWKHU&RXQWLQJ�RSWLRQV�DUH�LQGHSHQGHQW�RI�HDFK�RWKHU

$JHQGD$JHQGD

%DVLF�3ULQFLSOH�RI�/RRNXS%DVLF�3ULQFLSOH�RI�/RRNXS
&RXQWLQJ�WKH�5HIHUHQFHV&RXQWLQJ�WKH�5HIHUHQFHV
'\QDPLF�8SGDWHV�WR�WKH�5HIHUHQFH�7DEOH'\QDPLF�8SGDWHV�WR�WKH�5HIHUHQFH�7DEOH
6WRSSLQJ�DQG�5HVWDUWLQJ6WRSSLQJ�DQG�5HVWDUWLQJ
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8SGDWLQJ�WKH�5HIHUHQFH�7DEOH8SGDWLQJ�WKH�5HIHUHQFH�7DEOH

UHIHUHQFH�UHFRUGV�FDQ�EH�DGGHG�ZKLOH�ORRNXS�LV�UHIHUHQFH�UHFRUGV�FDQ�EH�DGGHG�ZKLOH�ORRNXS�LV�
UXQQLQJUXQQLQJ
UHPRYHV�WKH�QHHG�IRU�UHVWDUWLQJ�ORRNXS�ZKHQ�UHPRYHV�WKH�QHHG�IRU�UHVWDUWLQJ�ORRNXS�ZKHQ�
QHZ�UHIHUHQFH�UHFRUGV�PXVW�EH�DGGHGQHZ�UHIHUHQFH�UHFRUGV�PXVW�EH�DGGHG

ZLWK�$872$''�RSWLRQZLWK�$872$''�RSWLRQ
WKURXJK�LQSXW�VWUHDPVWKURXJK�LQSXW�VWUHDPV

ZLOO�DXWRPDWLFDOO\�DGG�XQPDWFKHG�GHWDLO�UHFRUGV�ZLOO�DXWRPDWLFDOO\�DGG�XQPDWFKHG�GHWDLO�UHFRUGV�
WR�WKH�UHIHUHQFHWR�WKH�UHIHUHQFH
QH[W�GHWDLO�UHFRUG�ZLWK�WKDW�NH\�ZLOO�PDWFK�WKH�QH[W�GHWDLO�UHFRUG�ZLWK�WKDW�NH\�ZLOO�PDWFK�WKH�
DGGHG�RQHDGGHG�RQH
RSWLRQDO�WR�DGG�RSWLRQDO�WR�DGG�EHIRUHEHIRUH�PDWFKLQJ�PDWFKLQJ

QRW�ORRNXS�DXWRDGGQRW�ORRNXS�DXWRDGG��XQLTXH�ZLWKRXW�VRUW���XQLTXH�ZLWKRXW�VRUW�
DXWRDGG�EHIRUHDXWRDGG�EHIRUH
NH\RQO\NH\RQO\

7KH�$872$''�RSWLRQ7KH�$872$''�RSWLRQ

21-22



([DPSOHV�ZLWK�$872$''([DPSOHV�ZLWK�$872$''
< input file
| split
| lookup autoadd detail
| > dup words a

< input file
| split
| l: lookup autoadd
\ l:
| > unique words a

< input file
| split
| not lookup autoadd
| > unique words a 

([DPOH��$XWR$GG�DQG�7UDFN&RXQW([DPOH��$XWR$GG�DQG�7UDFN&RXQW
\ *:
| x: lookup count 

trackcount 
autoadd before 
keyonly 
w1 
master detail

| spec /=/ 1 11-* n /./ n
1.10 strip n /=/ n
read w2-* n

| i: fanin
| *:
\ x:
\ x:
| spec /=/ 1 11-* n /.0=/ n

1.10 strip n
| i:

nsinteraddr 1.2.3.4
domainorigin foo.bar
nsinteraddr 3.4.5.6

          1nsinteraddr
nsinteraddr 1.2.3.4
          1domainorigin
domainorigin foo.bar
          2nsinteraddr
nsinteraddr 3.4.5.6

          1domainorigin
          2nsinteraddr

=nsinteraddr.1=1.2.3.4
=domainorigin.1=foo.bar
=nsinteraddr.2=3.4.5.6

=domainorigin.0=1
=nsinteraddr.0=2
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7HUWLDU\�,QSXW�6WUHDP7HUWLDU\�,QSXW�6WUHDP

PDVWHU�UHFRUGV�RQ�WKLUG�LQSXW�VWUHDP�DUH�DGGHG�WR�PDVWHU�UHFRUGV�RQ�WKLUG�LQSXW�VWUHDP�DUH�DGGHG�WR�
WKH�UHIHUHQFH�ZKHQ�WKH\�EHFRPH�DYDLODEOHWKH�UHIHUHQFH�ZKHQ�WKH\�EHFRPH�DYDLODEOH

lookup

detail records

master records

added masters

matched detail

unmatched detail

unmatched masters

7HUWLDU\�,QSXW�6WUHDP7HUWLDU\�,QSXW�6WUHDP

ZULWH�\RXU�RZQ�ZULWH�\RXU�RZQ�DXWRDGGDXWRDGG
WKH�WKH�FRS\FRS\�VWDJH�QHHGHG�LQ�IHHGEDFN�VWDJH�QHHGHG�LQ�IHHGEDFN

lookup

0 1 2

0

copy

1
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([DPSOH��7HUWLDU\�,QSXW([DPSOH��7HUWLDU\�,QSXW

service machine that 
processes commands 
from authorised users, 
including command to 
authorise users

pick

process

>>starmsg <

copy

feedback

lookup

0 1 2

0
authorised
commands

([DPSOH��7HUWLDU\�,QSXW([DPSOH��7HUWLDU\�,QSXW
\ starmsg
| not chop 8
| l: lookup 1.8 detail
| add: pick substr w1

of 9-* /== ,ADD,
| process
\ < auth users | l:
\ add:
| spec substr w2

of 9-* 1.8
| xlate | copy
| >> auth users
| l:

pick

process

>>starmsg <

copy

feedback

lookup

0 1 2

0
authorised
commands

27-28



4XDUWHUQDU\�,QSXW�6WUHDP4XDUWHUQDU\�,QSXW�6WUHDP

PDVWHU�UHFRUGV�RQ�IRXUWK�LQSXW�VWUHDP�DUH�PDVWHU�UHFRUGV�RQ�IRXUWK�LQSXW�VWUHDP�DUH�
GHOHWHG�IURP�WKH�UHIHUHQFHGHOHWHG�IURP�WKH�UHIHUHQFH
IXUWKHU�UHFRUGV�ZLOO�QRW�PDWFK�WKH�UHIHUHQFHIXUWKHU�UHFRUGV�ZLOO�QRW�PDWFK�WKH�UHIHUHQFH

lookup

detail records

master records

added masters

matched detail

unmatched detail

unmatched masters

deleted masters

pick

pick

starmsg < >>

copy

userids to be
removed from
the list

lookup

0 1 2

0
authorised
commands

copy

([DPSOH��4XDUWHUQDU\�,QSXW([DPSOH��4XDUWHUQDU\�,QSXW

3
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([WUD�2XWSXW�6WUHDPV([WUD�2XWSXW�6WUHDPV

4XDUWHUQDU\4XDUWHUQDU\ GHOHWHG�PDVWHU�UHFRUGVGHOHWHG�PDVWHU�UHFRUGV
4XLQDU\4XLQDU\ GXSOLFDWH��UHMHFWHG��PDVWHUVGXSOLFDWH��UHMHFWHG��PDVWHUV
6HQDU\6HQDU\ XQPDWFKHG��UHMHFWHG��GHOHWHVXQPDWFKHG��UHMHFWHG��GHOHWHV

unmatched detail

lookup

detail records

master records

added masters

matched detail

unmatched masters

deleted masters

deleted masters

duplicate masters

unmatched deletes

)HHGEDFN�/RRSV��RQFH�)HHGEDFN�/RRSV��RQFH�

\ *:\ *:
| l: lookup 1.8 detail master| l: lookup 1.8 detail master
| d: deal| d: deal
| *:| *:
\ l:\ l:
\ *.input.1:\ *.input.1:
| l:| l:
\ d:\ d:
| copy| copy
| l:| l:

  

e.g. delete master after first 
reference

lookup

deal

copy
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)HHGEDFN�/RRSV��UHSODFH�)HHGEDFN�/RRSV��UHSODFH�

e.g.replace reference 
by duplicate master

\ *:\ *:
| l: lookup 1.8 | l: lookup 1.8 
     detail master     detail master
| *:| *:
\ l:\ l:
\ *.input.1:\ *.input.1:
\ a: fanin\ a: fanin
| l:| l:
\ d: fanin | l:\ d: fanin | l:
\ l: \ l: 
| copy| copy
| f: fanout| f: fanout
| d:| d:
\ f: | a: \ f: | a: 

lookup

copy

f:fanout

fanin

01

([DPSOH��$OORFDWH�0LQL�'LVNV([DPSOH��$OORFDWH�0LQL�'LVNV

\ *:
| m: zone w1 abbrev MDISK anycase
| spec w5 1.10 r 1-* nw
| l: lookup autoadd before

increment trackcount
w6 master detail

| spec 1.10 1 read 1-* nw
| spec a: w1 - b: w6 -

w2.3 1
print a-b+1 nw.6 ri
w6-* nw

| f: faninany
| *:
\ m: | f:

MDISK cuu type start size volser mode ...

autoadd: insert each new volser 
in reference table

increment: add size to the running 
total for each volser

trackcount: output running total 
with each master (to compute 
start cylinder) 
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:RUG�RI�&DXWLRQ:RUG�RI�&DXWLRQ

VWRUDJH�LV�QRW�IUHHG�ZKHQ�WKH�UHIHUHQFH�LV�GHOHWHGVWRUDJH�LV�QRW�IUHHG�ZKHQ�WKH�UHIHUHQFH�LV�GHOHWHG
DIWHU�D�QXPEHU�RI�GHOHWLRQV�DQG�DGGLWLRQV�WKH�DIWHU�D�QXPEHU�RI�GHOHWLRQV�DQG�DGGLWLRQV�WKH�
ORRNXS�VWDJH�VKRXOG�EH�UHF\FOHGORRNXS�VWDJH�VKRXOG�EH�UHF\FOHG

:ULWLQJ�D�&DFKH�6WDJH:ULWLQJ�D�&DFKH�6WDJH

SURYLGH�D�WUDQVSDUHQW�ZD\�WR�VWRUH�DQG�UHWULHYH�SURYLGH�D�WUDQVSDUHQW�ZD\�WR�VWRUH�DQG�UHWULHYH�
UHVXOWV�RI�HDUOLHU�SURFHVVLQJUHVXOWV�RI�HDUOLHU�SURFHVVLQJ

ORRNXS�FDQORRNXS�FDQ
VHDUFK�WKH�UHIHUHQFH�WDEOH�IRU�D�NH\VHDUFK�WKH�UHIHUHQFH�WDEOH�IRU�D�NH\
VWRUH�QHZ�UHFRUGV�LQ�WKH�UHIHUHQFH�WDEOHVWRUH�QHZ�UHFRUGV�LQ�WKH�UHIHUHQFH�WDEOH
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\ *:
| pad 8
| x: lookup 1.8 master
| f: faninany
| *:
\ x: | copy
| u: fanout | copy
| s: spec 1.8 1 select 1 1-* n
| b: fanout | x:
\ u:
| spec ,NAMEFIND :USERID, 1 1-* nw 

       ,:NAME, nw
| command
| s:
\ b: | f:

1DPH)LQG�&DFKH1DPH)LQG�&DFKH

lookup

command

fanout

faninany

$�*HQHUDOL]HG�&DFKH$�*HQHUDOL]HG�&DFKH

QR�KDUGFRGHG�NH\�OHQJWK�LQ�WKH�FDFKHQR�KDUGFRGHG�NH\�OHQJWK�LQ�WKH�FDFKH
UHVROYHU�SLSHOLQH�RXWVLGH�WKH�FDFKHUHVROYHU�SLSHOLQH�RXWVLGH�WKH�FDFKH

FRGH�WKH�FDFKH�RQFH�DQG�FRQFHQWUDWH�RQ�WKH�UHDO�FRGH�WKH�FDFKH�RQFH�DQG�FRQFHQWUDWH�RQ�WKH�UHDO�
SURFHVVSURFHVV
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$�*HQHUDOL]HG�&DFKH$�*HQHUDOL]HG�&DFKH

QR�KDUGFRGHG�NH\�OHQJWK�LQ�WKH�FDFKHQR�KDUGFRGHG�NH\�OHQJWK�LQ�WKH�FDFKH

lookup 1-* 11-* master

lookup 1.10 master

query

answeranswer

sequence numbers

seq# query
seq# queryquery
seq# query
seq# query

seq# answer
seq# answer
seq# answer
seq# answer

$�*HQHUDOL]HG�&DFKH$�*HQHUDOL]HG�&DFKH

UHVROYHU�SLSHOLQH�RXWVLGH�WKH�FDFKHUHVROYHU�SLSHOLQH�RXWVLGH�WKH�FDFKH

cache
resolver

\ *:
| p: pipcache
  resolver
  pipeline
| p:
| *:
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$�*HQHUDOL]HG�&DFKH$�*HQHUDOL]HG�&DFKH

answer

resolver

query

lookup 1-* 11-* master

lookup 1.10 master

cache

0

1

0

1

1

20

0

0

0 addpipe

2

fanout

$�*HQHUDOL]HG�&DFKH$�*HQHUDOL]HG�&DFKH

addpipe (end \)
\ *:
| x1: lookup 1-* 11-* master
| x2: lookup 1.10 master
| i: faninany
| not chop 10 | *.output.1:
\ x1:
| spec number 1.10 r 1-* n
| o1: fanout | copy | x1:
\ x2:
\ o1: | ch: chop 10 | copy 
| s: spec 1-* 1 select 1 1-* n
| o2: fanout
| x2:
\ ch: | *.output.0:
\ *.input.1: | s:
\ o2: | i:

lookup 1-* 11-* master

lookup 1.10 master

cache

1

20

0

0

0

2

fanout
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$�*HQHUDOL]HG�&DFKH$�*HQHUDOL]HG�&DFKH

QR�FOHDQXS�PHFKDQLVP�LQFOXGHGQR�FOHDQXS�PHFKDQLVP�LQFOXGHG
ORRNXS�GRHV�QRW�UHOHDVH�VWRUDJH�ZKHQ�UHIHUHQFHV�ORRNXS�GRHV�QRW�UHOHDVH�VWRUDJH�ZKHQ�UHIHUHQFHV�
DUH�GHOHWHGDUH�GHOHWHG

QHHG�WR�VWRS�UHVWDUW�WKH�SLSHOLQH�LQ�D�QHHG�WR�VWRS�UHVWDUW�WKH�SLSHOLQH�LQ�D�
WUDQVSDUHQW�ZD\WUDQVSDUHQW�ZD\

$JHQGD$JHQGD

%DVLF�3ULQFLSOH�RI�/RRNXS%DVLF�3ULQFLSOH�RI�/RRNXS
&RXQWLQJ�WKH�5HIHUHQFHV&RXQWLQJ�WKH�5HIHUHQFHV
'\QDPLF�8SGDWHV�WR�WKH�5HIHUHQFH�7DEOH'\QDPLF�8SGDWHV�WR�WKH�5HIHUHQFH�7DEOH
6WRSSLQJ�DQG�5HVWDUWLQJ6WRSSLQJ�DQG�5HVWDUWLQJ
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5HVWDUWLQJ�/RRNXS5HVWDUWLQJ�/RRNXS

do forever
peekto inp
if rc <> 0 then leave
callpipe ... | lookup | ..

end
return rc * ( rc <> 12 )

PXOWLSOH�LQYRFDWLRQV�RI�ORRNXS���F\FOHV
SDVV�UHIHUHQFH�UHFRUGV�WR�QH[W�F\FOH
D�PHFKDQLVP�WR�VWRS�WKH�SLSHOLQH

5HVWDUWLQJ�/RRNXS5HVWDUWLQJ�/RRNXS

2nd cycle1st cycle 3rd cycle last cycle

need something to hold reference 
records between two callpipes
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5HVWDUWLQJ�/RRNXS5HVWDUWLQJ�/RRNXS

KROG�UHIHUHQFH�UHFRUGV�EHWZHHQ�FDOOSLSHVKROG�UHIHUHQFH�UHFRUGV�EHWZHHQ�FDOOSLSHV

5(;;�VWHPPHG�YDULDEOH��H[SHQVLYH�5(;;�VWHPPHG�YDULDEOH��H[SHQVLYH�
XVH�GLVN�ILOHVXVH�GLVN�ILOHV
VROXWLRQ�IURP�WKH�3LSHU�VROXWLRQ�IURP�WKH�3LSHU�
XVH�D�EXIIHU�LQ�DQ�DIIL[HG�SLSHOLQHXVH�D�EXIIHU�LQ�DQ�DIIL[HG�SLSHOLQH

$IIL[HG�3LSHOLQH$IIL[HG�3LSHOLQH

FUHDWHG�E\�DGGSLSHFUHDWHG�E\�DGGSLSH
WDNHV�LQSXW�IURP�DQ�RXWSXW�RI�WKH�FDOOHUWDNHV�LQSXW�IURP�DQ�RXWSXW�RI�WKH�FDOOHU
IHHGV�RXWSXW�LQWR�DQ�LQSXW�RI�WKH�FDOOHUIHHGV�RXWSXW�LQWR�DQ�LQSXW�RI�WKH�FDOOHU
UXQV�LQGHSHQGHQW�IURP�WKH�FDOOHUUXQV�LQGHSHQGHQW�IURP�WKH�FDOOHU

/* caller */
addstream both buff
addpipe
  *.output.buff:
| process
| *.input.buff:

caller

buff

buff
process
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%XIIHU�LQ�DIIL[HG�3LSHOLQH%XIIHU�LQ�DIIL[HG�3LSHOLQH

/* caller */
addstream both buff
addpipe
  *.output.buff:
| buffer 1 //
| *.input.buff:

write to buffer:

| append strliteral //
| *.output.buff:

read from buffer:

\ *.input.buff:
| t: totarget nlocate 1
...
\ t: | drop

caller

buff

buff
buffer 1 //

6WRSSLQJ�WKH�ORRNXS�VWDJH6WRSSLQJ�WKH�ORRNXS�VWDJH

lookup

gate

fanout

drop 100

buffer 1 //

trigger the gate 
after 100 deletes

XVH�D�JDWH�LQ�WKH�SULPDU\�LQSXW�VWUHDPXVH�D�JDWH�LQ�WKH�SULPDU\�LQSXW�VWUHDP
WULJJHU�WKH�JDWH�ZLWK�WKH�GHOHWHG�PDVWHUVWULJJHU�WKH�JDWH�ZLWK�WKH�GHOHWHG�PDVWHUV
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$�6HOI�&OHDQLQJ�&DFKH$�6HOI�&OHDQLQJ�&DFKH

VWUDWHJ\�IRU�GHOHWLQJ�HQWULHVVWUDWHJ\�IRU�GHOHWLQJ�HQWULHV
GHOHWLQJ�HQWULHV�GRHV�QRW�UHOHDVH�VWRUDJHGHOHWLQJ�HQWULHV�GRHV�QRW�UHOHDVH�VWRUDJH

DOWHUQDWLYH�DSSURDFK��DOWHUQDWLYH�DSSURDFK��
UHVWDUW�ORRNXS�VWDJH�QRZ�DQG�WKHQUHVWDUW�ORRNXS�VWDJH�QRZ�DQG�WKHQ
UHORDG�D�VXEVHW�RI�WKH�UHIHUHQFH�WDEOHUHORDG�D�VXEVHW�RI�WKH�UHIHUHQFH�WDEOH

FKDQJH�WKH�DGGSLSH�LQWR�D�FDOOSLSHFKDQJH�WKH�DGGSLSH�LQWR�D�FDOOSLSH
SURSDJDWH�(QG�RI�)LOHSURSDJDWH�(QG�RI�)LOH
XVH�DIIL[HG�SLSHOLQH�WR�KROG�WKH�WDEOHXVH�DIIL[HG�SLSHOLQH�WR�KROG�WKH�WDEOH

3URSDJDWH�(QG�RI�)LOH�)RUZDUGV3URSDJDWH�(QG�RI�)LOH�)RUZDUGV

lookup 1-* 11-* master

lookup 1.10 master

0

1

0

1

1

20

0

0

0

2

fanout

callpipe
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3URSDJDWH�(QG�RI�)LOH�)RUZDUGV3URSDJDWH�(QG�RI�)LOH�)RUZDUGV

last record to the 
resolver pipeline 
triggers the gate

the gate severs 
the other input 
stream of lookup

lookup 1-* 11-* master

lookup 1.10 master

0

1

0

1

1

20

0

0

0

2

fanout

gate

take last

callpipe

0

0

lookup 1-* 11-* master

lookup 1.10 master

1

20

0

0

2

fanout

gate

take last

callpipe
gate

fanouttake last

3URSDJDWH�(QG�RI�)LOH�%DFNZDUGV3URSDJDWH�(QG�RI�)LOH�%DFNZDUGV
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8QLYHUVDO�/58�&DFKH8QLYHUVDO�/58�&DFKH

VLPLODU�WR�WKH�JHQHUDOL]HG�FDFKHVLPLODU�WR�WKH�JHQHUDOL]HG�FDFKH
UHF\FOHG�DIWHU�D�QXPEHU�RI�QHZ�NH\VUHF\FOHG�DIWHU�D�QXPEHU�RI�QHZ�NH\V
GURS�WKH�OHDVW�UHFHQWO\�XVHG�NH\V�ZKHQ�UHORDGLQJ�GURS�WKH�OHDVW�UHFHQWO\�XVHG�NH\V�ZKHQ�UHORDGLQJ�
WKH�WDEOH��H�J������WKH�WDEOH��H�J������
FRXQWHUV�LQ�ORRNXS�VWDJHV�WR�NHHS�WUDFN�RI�XVDJHFRXQWHUV�LQ�ORRNXS�VWDJHV�WR�NHHS�WUDFN�RI�XVDJH
RQH�WR�PDUN�UHIHUHQFH�GXULQJ�ODVW�F\FOHRQH�WR�PDUN�UHIHUHQFH�GXULQJ�ODVW�F\FOH
RQH�WR�FRXQW�GRZQ�D�WLPH�WR�OLYH�YDOXHRQH�WR�FRXQW�GRZQ�D�WLPH�WR�OLYH�YDOXH

&RQFOXVLRQ&RQFOXVLRQ

\RX�GRQ
W�QHHG�WR�EH�DIUDLG�RI�VWDJHV�ZLWK�HYHQ�\RX�GRQ
W�QHHG�WR�EH�DIUDLG�RI�VWDJHV�ZLWK�HYHQ�
���VWUHDPV���VWUHDPV
ORRNXS�FDQ�KHOS�\RX�WR�NHHS�\RXU�SLSHOLQHV�ORRNXS�FDQ�KHOS�\RX�WR�NHHS�\RXU�SLSHOLQHV�
PXFK�VPDOOHU�DQG�IDVWHUPXFK�VPDOOHU�DQG�IDVWHU
D�JHQHUDO�FDFKH�VWDJH�FDQ�VHSDUDWH�WKH�FDFKH�D�JHQHUDO�FDFKH�VWDJH�FDQ�VHSDUDWH�WKH�FDFKH�
IURP�WKH�UHDO�ZRUNIURP�WKH�UHDO�ZRUN
LW�ZRXOG�EH�YHU\�KHOSIXO�LI�LW�ZRXOG�EH�YHU\�KHOSIXO�LI�&06�3LSHOLQHV&06�3LSHOLQHV�ZHUH��ZHUH�
HQKDQFHG�WR�PDNH�ORRNXS�UHOHDVH�VWRUDJH�ZKHQ�HQKDQFHG�WR�PDNH�ORRNXS�UHOHDVH�VWRUDJH�ZKHQ�
UHIHUHQFH�UHFRUGV�DUH�GHOHWHGUHIHUHQFH�UHFRUGV�DUH�GHOHWHG
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&06�3LSHOLQHV�ZHE�SDJHV�DW�3ULQFHWRQ�8QLYHUVLW\&06�3LSHOLQHV�ZHE�SDJHV�DW�3ULQFHWRQ�8QLYHUVLW\
KWWS���SXFF�SULQFHWRQ�HGX�aSLSHOLQHKWWS���SXFF�SULQFHWRQ�HGX�aSLSHOLQH

&06�762�3LSHOLQHV��$XWKRU
V�(GLWLRQ&06�762�3LSHOLQHV��$XWKRU
V�(GLWLRQ
90�&ROOHFWLRQ�&'�52090�&ROOHFWLRQ�&'�520
3LSHOLQHV�ZHE�SDJHV3LSHOLQHV�ZHE�SDJHV

)XOO�H[DPSOHV�RI�WKLV�SUHVHQWDWLRQ�RQ�FRQIHUHQFH�&')XOO�H[DPSOHV�RI�WKLV�SUHVHQWDWLRQ�RQ�FRQIHUHQFH�&'

��
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