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the records in all Like183tzood m e dfs%ribu%ed fn ee randam. fashion throughout mem-
WY, This i s  called a "sca%tered," group of records, This abi l i ty  t o  maintain 
scat%teredrecords and aeat-P;;ecrPedcontrol words is enphasbzeil s%me 5% w i l l  be used 
extensively in the record handling tee 'biques t o  be described, 
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A %jZsekdiapm 09 the! program .t;s be described i s  s h m  914; the lower 
l e f t  a9 Figwe 4, The reed, and wi%eblocks represent oqe instruction. each, 
The procesa block m y  represent a serie$ of" instruction&, Bme %f wh$6W4W$lX 
refer to working Iscation x as an index, 

kt the s t a r t  sf a cycb,  records have been read from tape i n t o  the 
Pacakione specified by G, Ep, 1, J and K, These recomb are available for pro&-
easjlrig, !%e records in &seatione B, C ,  D, E and F h v e  been processed and mum 
now be mitten out an % q ~ a .The records in Lp M, N, 0 andl A vere written on 
&pes during %he last cycle, and these record weas  w e  QOW available 813 an in-
put exes during this cycle, The con-bents o f  working Iodations I?,x, and w are 
shown in FSgwre 4 a t , s m e  arbitrary time d w h g  th i s  cycle, At the end of 
reading, F w i l l  ccmtairt bmB. When the processing i$ c w l e t e ,  x wPl.1 conkah 
1-L, A t  't.he erd s l  mifing, the contents of w w i l l  be g-G 

During the next cycle the records G9 H, I, J and K must "be written on 
tape s3ince they vere processed durlng the preceding cycle, Thi8 write'opera-
tion requbes L h %w (used as & record vord by the write instruction) contains 
g-G at the star%of' the ne's9 cycle, Since g-G is already in w, no further prs-
gramming is reqMred, Sitm.blarLy, record areas €3, C 9  D, E and F w e  now avail-
able1e%sthe imgu-b mea sPnce the& contents were m i t t e n  on tape dmin 
3.as.t; cycle. h~;9w%%on shouldr (used as a record. word by %be read hmtructionf the 
contah  "bB a%%he s t a r t  of this cycLe, Remr&areas L, M, N, 0 and A have been 
f i l l ed  iiarr%ng .$he Jlask' cycle by reading fr tape4 These are the mexe records 
to be pr"oeemx&, and loea-blsnz x (used 8 s  an index by the process imstructlonie)
should eon-b&%n%-La Thus, A t  can be seen that at the close of each l-beratim, 

~oszols F, xp and w time autcu-m%%cdlyinit ialized for  the next itera-
progpeun I$continued tk0ugh $ueceedirng iterationrs, r, re, mlae w 

w f l l  always contain the proper control WCW~EL There is no need t o  relaad or 
change %he eonten'bs of these working locatf~ns, 
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The shading of record word h-P is reversed to paint  out =thefact that 
although f t  remains in its origineel locatfan, i-thas received specLal txeatment. 
The end condition, which m s  present at the start of the merge (see Figure F j ) ,  
h s  been removed, This a l te ra t ion  of the control word, accmplished by pro-
grmi ing ,  may "ce place in the working location ye The record word must then 
be placed. back into gs its proper" ILocna.';im i n  storage, Removing the end con-
dition can be accomplished shUtaneoz-sXy with testing for i t s  presence which 
is necessary in order $0 detect the %&st c ~ ~ t r o l  series,word OF ut 

Record W O Y ~1-C appears i n  Figure 6 in %twolocations, a and k, Its 
presence in location a marks it as the first record -erord of the new s t r i n g  
p~"c1duth31cdby the merge, Its presence In k i s  redundant since k is not a member 
o f  the s t~ r ing ,  Location k is not^ stn available location in  mernory, In a eon-
Liw~, ingproezc::r?ss, 1.&s csn"l;nt would h v e  beer; replazed by another reesyd word 
in,ci pplPeeed3.mg phase 

Figwe '3 S~XOT.JB%?ne record words of the merged group in the sequence 
csta'blished by the* reset addyesses, 1% should be emphasized that these words 
are no* fatxrmd consecutively F.n memory in the way they are shown in the f igure,  
The order shotm is the order of the i r  use as established by the merge, The 
order is the same as %he one depicted in Figure 6, It i s  seen that. the record 
vords wfb9 not be used in the alphabetic order of thekr storage I.:,~ca~tisns, 
The cr ig ina l  &Lpbbetic order o f  -the locations was used only t o  bind:jlcate an 
arbitra~pynxmerie order 8% the start of the Snerge. Therefore, followatng %he 
merge, the mAxa1 record word locations m e  Just as randoin as they were before 
:itbegan, 

The series 02 instructions necessary for the  t w o  cases wMch occur 
in the merge process Wve "been listed ah the beginning of this sec-biion, 2-m 
each case three operations are required, The two sets o f  three operations re-
fer -bo %wc addresses each, eWher x and z o~ y and z ,  FOE"a c o q u t e r  Like 
the '7'50 wh%(iahcontains "P;FTOfull addresses in an instruction, it i s  possible 
Ls d-efirie one m e m  operation which does all t k e e  in one, The "control" or 
"~eeond"address would contain q the operand address, which i s  indexabl.e, 
*woad.contain x or ye 
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w 	 upiiated file 80 %ha$ when the grozrp size is  reached this group e m be m i t t e n  on 
the output tape, Likewise,  .a count is kept 0%"%he processed detal%records to 
determine when the next group must be read from the detai l  file tapeo 

Each ease 	ni l1  be %&ken separately %a i l lustrate the procedure, 

a,. Reset 	address Qf m: Lo mz 

2 ,  Reset rms 



P 

S 


t 


u 

W 

dz 


Figure 8 



W B, Active Masters 

In the case of an a c t h e  master, it i s  desired to sbtatn both a 
new ma%eerrecord and a new detai l  record as outlined below: 

1, Reset address o f  mx t o  inz 

2,  Reset ad&ess of Stx t o  dz 

The w@iw"kLnglocations mz sad. dz w e  eacli updated, Thfs i a  done by 
plseirxg the reset address of the current mster record word in mz 
and %he reset address of the current detai l  record word in dz, 
Both mx anGdx are reset t o  obtain the next master word and the 
next de'caiS, word respectively, ?%e master counter and the detail 
counter w e  each advanced, 

'The s"r;ings of FS_gme 8 w i l l  be used to illustrate $lie me-thod being
described, The contents sf the working locations a t  the s t a r t  of the process 
are S ~ Q T ~on l ine  l. of Figure 9* 

2,  t2 C 's1 N b rn 

Figure 9 

Assume that master record B is found t o  be an inactive record Frhen 
empared t o  detaSb record N, The reset addwss b of b-B i s  placed i n  mz, rnx 
is reset t o  e-C, and the mxter record counter is advanced, The contents of 
the working l.oeat$ons at th i s  step i n  the problem i s  shown on l ine 2 of the 
figwe Q 

Assume farther "cat deta,iP record fa specifies a,nodification in 
master record 61, i ,e, ,  master record C is an active record, The reset  ad-
daoess c of e 4  is placed In MZ and the reset address n of n-M I s  placed i n  
dz,  Locattons mx and d x  w e  reset to d-D and 0-0 respectively, Line 3 of 
the figme indicates the situation a% this step of the prbblem, The master 
and detai l  counters are each advanced, 



2,  Reset ad&ess op dx to mz 
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"' I n  the inser t ion case described above, the de"crzP3, r s  placed before the 
cwsesn-t,masPte~record and a, new &&ail record i s  cibts-Ened. In " c i s  procedure the 
oper&t%oncontinues w i t h  the current mastex-, and na Pwther reference is made to 
.the inserted d e % a i l  mxord ,  It my be desired, howver, 50 follaw 8 procedure in 
which the inserted detai l  remains avaiZ6bl,e for Pxrther action against  f"ol1oving 
de%afls, In this case3, acti~nupon athe c'wrent master is  de_iayed u n t i l  process-
ing of -the InserteCi detail i s  finished, Ari (outZine of this mode of operation is 
8 s  fQlJoWEZ 

2, Reset d x  

2 ,  Reset CiX 

Reset mx 
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While %heparticulm instruction seL is of minor impor-Lance, it should 
be emphasized that %he amxi3babiLity of inptx-T;-(outpu%grouping and- distribution is 
8 necessity fo r  the methods described, This p m t i c u l l . ~ ~Pea%ure, which is also 
called scattered read and mziLe c a n n ~ tbe replaced 'by grogranning except a t  the 
expense o f  EL considerable mowxt of s"crage space and -kbe. It is believed, that 
the advantages of the record control techntgues described ti this report  are such 
tbt gmuptng and. distr5bu.tion w i l l  be mandatory for t h ~2nput-oPxtput systems of 
f u t u r e  machines ana t h a t  =thepartic47;iLw instruction seatand indexing procedure 
of these machines should facil,f-ta'r,e the bnillisng o f  record control words. 




