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Sorting Algorithms & Operating Procedures 
for Card Sorting on the IBM/ 360/ 20 with 
MFCM 2560. 

w. N. Holmes 

December 30, 1964 

W. N. Holmes, 
IBM Australia Pty. Limited, 
P.O. Box 88, 
St. Kilda, Victoria, Australia. 

This paper describes, compares and 
evaluates four different card sorting 
algorithms, giving extensive examples, 
tabulations and timing charts. 

This paper also presents certain systems, 
aspects and operating procedures which 
make System / 360 card sorting more 
attractive than conventional card sorting. 



INTRODUCTION 

This paper was inspired by several intra-office discussions on the 
utility of the 360/ 20/ 2560 for card sorting and the efficiency of 
the supporting program. 

The investigations carried out to support this paper were hastily 
executed and the results included in the appendices must not be 
regarded as anything but flimsy evidence, based as they are on 
small samples called in an informal manner from the middle of 
the Smiths in the Melbourne Telephone Directory. 

The algorithms investigated were merely the first few which 
sprang to mind and many more remain even unmentioned. In 
particular, digit sorting similar to conventional card sorting can 
be performed with the MFCM, but this pas been ignored. 

The casual reader will be mainly interested in the practical 
conclusions drawn in the section entitled "Comparison with Unit 
Record Sorting". 

The paper will be most easily followed if the appendices are 
separated from the body of the paper for easy reference while 
reading the narrative. 
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INTRODUCTION (continued) 

Relevant IBM Publications are: -

C26-3601 

F28-8001 

IBM System/ 360 Model 20 
Punched C~rd Utility Programs 

General Information Manual 
Sorting Methods for IBM DP Systems 
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STRAIGHT MERGE 

The concept of merging to create a file with a single sequence 
is quite distinct from that of digit sorting as with an 082 
card sorter. It is assumed that the reader is familiar with 
both concepts. 

The straight merge simply feeds two.halves of an inp.ut file (one 
half from each hopper) and merges, string for string, then 
flip/flop stacks output, string by string, into two stackers. The 
process is exemplified in Appendix Al, with a logic diagram in 
Appendix B 1 . · 

Basically, the gain G of the process will be 2. 0, the gain being 
defined so 

G 

y 
I~ f-t: 

No. of oi#f>ut strings 

No.· of i~ut rrings 

j:·~ _ .. r:-., 
However, with small input strings, the gain may rise slightly 
above 2. O. This adventitious process is illustrated in Appendix 
A2. 

Using a straight merge, 2N input strings may be merged into a 
single sequence with N passes of the file. 
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RETROSPECTIVE MERGE 

To improve the gain available with straight merging, the 
circumstances of adventitious gain (as shown by Appendix A2) 
may be amplified. The value of the control field of the last 
card selected into EACH stacker is relevant. This information 
is available to the controlling program and it would be a pity 
not to use it. 

A "retrospective" algorithm might be loosely stated as follows. 
Feed the lower or only "possible" card into the highest "possible" 
stacker. If neither card is "possible", feed the lower card into 
the highest stacker. 

By "possible" card is meant a card that can be stacked without 
causing sequence break. Also, a "possible" stacker will not 
break sequence if the card is selected into it. The ranking of 
stackers is by control field of the last stacked card. The 
algorithm as stated is for ascending sequence sorting. 

The retrospective merge is exemplified in Appendix A3, 
with a logic diagram in Appendix B2. The example of Appendix 
A3 may be ~ompared with that of App. Al. The retrospective 
merge is compared with other merges in Appendix A4. 
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RETROSPECTIVE MERGE (continued} 

The appendices referred to above show input strings of 
average length 2. The process whereby a gain larger 
than 2 is achieved is more clearly illustrated in 
Appendix A6 which illustrates a retrospective merge 
with input string length of about 5. 

One characteristic of the algorithm for retrospective 
merging is that its scope is not limited to a me:-e 
two stackers. The merge illustrated in Appendix AS 
shows the merge of Appendix A3 but using three stackers. 
The tabulated test results of Appendix C4 give an indication 
of the dependence of gain on the number of stackers used. 
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COMPRESSIVE MERGE 

In seeking to improve the retrospective merge, its operation 
must be examined in detail. Consider the merge illustrated 
in Appendix A3. Notice that card 731 in the primary feed 
is held (waiting for the 500 and 583 cards to be added to 
sequence in stacker 2) despite its close proximity to the 709 
card in stacker 1. This card would have been held up even 
if it had been a 710 card. The 731 card is. in fact. followed 
by cards 504 and 558 which might advantageously be merged 
with cards 500 and 583 in the secondary feed. 

The retrospective merge is designed to feed as many cards as 
possible without causing a sequence break. Taking a 
more indirect approach. it might be expected that a mer1e 
designed to minimise the gap in current stacker sequences. 
regardless of sequence breaks, would achieve a hipr gain, 
at least with short input strings. 

Hence, an algorithm for "compressive" merging might be 
stated as follows. Calculate the "gap" for each feed in 
eembination with each stacker. Select the feed/sta(;;ker 
cembinatjon which gives the smallest gap and feed that card 
into that stacker. 
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COMPRESSIVE l\lERGE (cont.) 

The gap across a sequen,e break is calculatt>d accordrng tu 
the modulus of thi:• control field. For examplP, with a positi\ 
three digit numerical field, tlw gap bl'twt.·en 999 in thl' 
stacker and 001 in the feed is 002. With alphabeti(" fields 
the gap might be calculated by depth of match of the two 
fields, or by binary subtraction, or some such subterfugt» 
With / 360 internal coding, the use of binary subtraction 
would tend to emphasise the sequence break, but not as 
uUerly as ret_rospecti\'e merging. ln fact," some experimenting 
with such a bmary subtraction with all fields might yit>ld 
some interesting effects, giving, as It would, a blend of 
retrospective and compressive merging. 

The compressive merge is exemplified in Appendix A 7, with a 
logic diagram in Appendix B3. Note that the = exit from the 
gap comparison was not implemented in the program used to 
generate the test results of this paper. The example of 
Appendix A 7 may be compared with those of Appendices A.1 and 
A3. Also, the tabulated test results of Appendix C2 show 
that the expected higher gain is definitely attained with short 
input strings. 

The compressive, like the retrospective merge, is not limited 
to use with two stackers. Appendix A8 (cf. A5) shows the 
compressive merge using three stackers, and App°endix C4 
tabulates test results showing the dependence of gain on th£> number 
of stackers used. 
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CO!\IPRESSIVE l\IERGE (continued) 

The appendices referred to above show input strings of 
aH'ragl· length 2. The process whereby a gain larger 
1lian 2 is achieved is more clearly illustrated in Appendix A'.:• 
which shows a compressive merge with input string length 
of about 5. Comparison of Appendices A9 and A6 clearly 
displays the essential difference in operation between 
retrospect.i\·e and compressive merging. 
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LONG INPUT STRINGS 

The results described so far show that sophisticated merges 
give gain significantly higher than a straight merge for short 
input strings. However. with long input strings. the 
compressive and retrospective merges degenerate to 
operation very similar to the straight merge. This effect 
will be seen in Appendi.z AlO, which shows a retrospective 
merge with input string length of about 8. The similarity 
to a straight merge is immediately evident. The compressive 
merge tends to give similar results although cards may be 
fed in a slightly different sequence or large gaps in input 
sequence may hold up one feed for a time. giving very 
poor gain locall.J. 

The extra gain achieved by the retrospective and compres8ive 
merges comes from the switching of the output from one stacker 
to another. At the point of switching • the control field in 
the stacker currenUy being fed approaches that in another 
stacker, and the gap in sequence allows the high stacker to take 
over the output. thereby reducing the gap which would occur 
by straight merging. In effect, each stacker has a switching 
point which (when using two stackers) steadily backs down the 
sequence Wltil it crosses a sequence break, thus causing one 
less than the straight number of strings in one stacker. 
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LONG INPUT STRINGS (continued) 

Hence, what might be called local gain approximately equal to 
one half the average gap will be obtained at each siacker 
awitch. This gain should actually be greater tba."l half the 
average gap since stacker switching might be expected to 
occur preferentially at the larger gape. In commercial 
sorting applications cards usually cluster, and this will 
allow greater gain than a random distribution. In the 
estreme. groups of identical cards will reduce the effective 
string length since they will be fed and stacked as though 
-they were a single card. 

The use of more than two stackers will increase the gain possible 
since each stacker will have a switching point •o U..t each 
output string will tend to spread itself over all available atackers. 
Appendices All and Al 2. illustrate this effect. 
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SYNCHRONISATION 

Consideration of Appendices All and Al2 reveals weaknesses 
in the operation of both retrospective and compressive when 
the input comprises long strings. The effect is that a blocking 
condition may occur to prevent one feed from contributing 
to the output until the block is removed at a significantly 
later stage. The effect can be so pronounced that merging 
of the input strings does not actually take place for some 
time and the controlling program only works one feed. 

Appendix All shows that a high card, in conjunction with one 
or more low stackers, is a blocking condition for the retrospective 
merge. Appendix A~ 2 shows that a card fed such that a large 
gap in sequence separates it from every stacker constitutes 
a blocking condition for the compressive merge. 

The blocking effect may be prevented by forcing the input to 
merge, string for string, using the knowledge of the previously 
stacked cards to control the stacking of subsequent cards but 
not the feeding of the cards. The method might be thought 
of as synchronisation of the primary and secondary feeds. 
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SYNCHRONISATION (continued) 

Benefit from synchronisation would not be expected unless 
the average input string length were greater than the number 
of stackers used. Notice that application of this technique 
removes the distinction between retrospective and compressive 
merging, emphasising that the relative success of compressive 
merging at low string length is due to its better control over 
the cards fed, not from more efficient stacking. 

Synchronisation was applied to the retrospective merge section 
of the program which produced the test results of the appendices 
to this paper. The results of synchronisation may be seen 
in Appendic~s A4, Al3, C2, C3, C4, Dl and 02. In 
particular, the comparison in Appendix A4 between the synchronised 
retrospective merge and the straight merge demonstrates their 
similarity. at least on the input side. 

The synchronisation described above is not the only method 
of removing the blocking effect, but it has the virtue of 
simplicity. 
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V AR1ABLE ALGORITHMS 

The algorithms and variations already described are of varying 
effectiveness depending on such factore; as input string length, 
atackers uaed and range and type of control field. This 
variability suggests that increased overall effectiveness c.ould 
be obtained by keeping a measure of certain factors B!.lch as 
input string length (in each feed, perhaps) and Gwitch from one 
type of merge to another when ccnditiona appear to be favourable. 
For example, a weighted moving average string length or 
control field gap size might be kept (and revised for each card 
read to enable a switch to be made part way through a long 
string) or a range (perhaps weighted moving average again) 
for each digit or character of a field and/ or for each field 
as an entity. 

AppendU: D3 gives an estimate of the performance a variable 
algorithm might achieve, compared with the performance 
of simpler merges. Ii must be emphasised that this appendix 
is baaed on rather insubstantial test results and extensive 
guesswork. 
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VARIABLE ALGORITHMS (continued) 

Notice that retrospective and compressive merges may 
be interchanged at any point. If synchronism of the 
feeds is to commence or cease, certain points of 
interchange may be optimum. The straight merge 
would not be directly interchangeable unleaa only two 
stacker& were in use throughout. However, when 
input strings become very long so there is no point ir. 
avoiding the straight merge, the extra atackers may be 
dropped one by one at sequence breaks. until a straight 
merge may be commenced. · 
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REDUCTION IN SORTING TIME 

The algorithms described in .the preceding text are . 
suggested as definite means to significantly reduce sorting 
time with the 360/ 20/ 2560. However, these are not the 

only means. 

If a card file is being sorted into sequence solely so that 
it can be tabulated, then the final merge pass will best 
be written as part of the tabulating program to save one 
pass of the file. In fact, any such tabulating program 
should be written for the general case of two input files 
(including the special case, as say, an end of file run-out 
condition) which are incidentally merged. 

Often a card file must be sorted to a series of related 
sequences (ringing the changes) to enable a series of related 
reports to be produced. With unit record sorting, the order 
in which the sorts are performed can be designed to 
minimise the number of card passes through the sorter by 
maximising the pre-sequencing. This can also be done with 
the 360/ 20 sorting, but the ·entire control field must be 
si>ecified at every stage to force ·preservation of the pre­
sequencing. However, the proportionate saving will probably 
not be as great. 
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REDUCTION IN SORTING TIME (cont.) 

One incidental aspect of MFCM sorting is that mishandling 
of the cards will not invalidate the sort and indeed, if 
it occurs during an early pass, will probably go unnoticed. 

Another aspect of MFCM sorting which promotes efficient 
operatio~ is that the front of the file is not a significant 
point. In other words, the operator merely takes the 
cards from the front of the stackers and puts them in the 
hoppers (perhaps via card racks if the file is large) until 
they all feed into only one stacker. The file is then in 
sequence.· There is no pause between passes to adjust 
the device. The aspect of continuous operation is 
examined more closely i.n the next section. 
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CONTINUOUS OPERATION 

It might be thought that, with a straight merge, the . 
procedure of taking cards out of stacker 1 (2) and putt~ng 
them into hopper 1 (2) would ensure trouble -free continuous 
operation. This is not necessarily the ca~e. Fo~ the f_irst 
pass of the sort the o~rator will arbitrarily split the input 
file into two halves, one for each hopper. Since it would be 
very difficult to split the file initially into an equal number. 
of strings, the merge would eventually fall into imbalance, 
the cards in one stacker/hopper loop building up, in the 
other diuppearing. A little hand-merging of strings 
with pencil and paper will uncover this phenomenon. Hence 
the operator should eventually exercise control over the 
transfer of strings from stacker to hopper. 

Aleo, when a more eophisticated merge is used, the problem 
of feeding two boppen from aay five etackers ariHa. For 
small string lengths, selection of large slabs from each 
stacker in turn will only introduce a few extra string•. 
However. when relatively few strings are left (if not earlier) 
the operator must exercise control over the transfer of 
strings from stacker to hopper. 
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CONTINUOUS OPE!tA TION (Continued) 

With a straight merge (either in its own right or as the 
last phase of a complex merge) the merge should split the 
strings between pairs of stackers'. Within each pair of 
slackers, the feed would be switched at the first sequence 
break after, say, 500 cards. This would enable the 
operator to balance the hoppers without splitting any strings. 

The use of marker cards (physically distinctive cards 
punched ail 9•s) is also recommended. These cards should 
be inserted at iniervals throughout the initial input deck. 
They would indicate to the .operator both the precise 
l•cation of aome sequence breaks and, indirectly. tbe 
progress of the sort and woulrl be removed from tbe back of 
the deck on· completion of the sort. In effect, 1be cards 
in any stacker between two marker cardll woal4 cenatitu&e 
a macro-string and the operator could replenish the lower 
hopper with the front or only macro-string in one of the 
slackers. 
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REVERSED FILE_§_ 

Some reference is made in the IBM reference manual 
C26-3601-l to the problem of reversing the sequence 
of a file from say. descending to ascending order. Under 
any type of merge a strict reversal will be a lengthy 
procedure. However, if the file is predominantly in a. 
sequence the reverse c;>f that required for a report, a 
better shorter procedure is possible. 

Sort, if necessary, the file to the strict reverse of the 
sequence required. Then, for the report, feed the file from 
the back face up nine edge first into the read hopper. This 
will supply input cards to the reporting program in the correct 
sequence but the card record will be inverted with columns 
1 to 80 presented ~s columns 80 to 1. It is a relatively 
simple loop to invert the card using two registers for 
addressing, one incrementing, the other decrementing. The 
program requires only two instructions, on the other hand, 
if the translate special feature is installed. The coding 
used can be as follows. 

First, some areas should be set up: 

CARD DC CL80 CARD INPUT AREA 

DRAC DC CL80 REVERTED CARD AREA 
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REVERSED FILES (continued) 

Then a reformatting mask must be defined: 

FMAT DC XL8 '4F 4E 4D4C 4B4A4948' 

DC XL8 '4746454443424140' 

DC XL8'3F3E3D3C3B3A3938' 

DC XL8'0706050403020100' 

With the input record in DRAC the following instructions 
can be executed: 

MVC CARD, FMAT SET MASK 

TR CARD, DRAC INVERT 

The inverted card image is now in the area CARD. 

If it is anticipated that inverted files may occur within an 
installation, reporting programs may be written to read files 
optionally either normally or reversed. To determine if the 
file is in fact predominantly reversed in sequence, the average 
string length of a file (samples if large) can be determined 
and reverse sequence holds if the average is significantly 
less than 2. Alternatively, if the weighted moving average 
input strii:g length calculated during a sort falls significantly 
(by some statistical measure) below 2, the sort can be halted 
by the program to allow reversed sorting to be substituted. 
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COMPARISON WITH UNIT RECORD SORTING 

Two questions should be considered. 

(i) Should a card sorter be included in an installation? 

If enough t:me for all necessary sorting is available 
on the / 360/ 20/ 2560 without rental increase or 
overtime at suitable times of the reporting cycle. 
then there is no necessity for a card sorter. 
Advantages of simpler operating and reduced space 
requirements are gained by not including a sorter. 

Notice that the 360/ 20/ 2560 would not be justified 
only on the basis of sorting, since great advantage 
in operating time will rarely be gained (more often 
lost) and it would be an expensive sorter. Operating 
time for sorts is discussed u."l.der the next question. 
The conditions within an installation may. on the ot..~er 
band, prevent a card sorter from being justified. 

(ii) On which machine should a particular file be sorted? 

It will not always be practical to sort a card file on the 
card sorter, for example if the control field contains 
binary or packed decimal data (summary cards) or is 
variable in format, or if a complex sequence . 
determination is required. This last assumes that 
special sorting programs can be written within an 
installation because such programs would be small even 
if complex. 
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cor .. tPARISON WITH UNIT RECORD SORTING (cont.) 

A sort performed on th~ / 360/ 20/ 2560 will be more 
reliable since the nec.essary sequence checking will 
prevent "mis-sorting" .. 

The time taken for a sort (exclusive of operator time) 
on either machine is proportional to the size of the file, 
the number of file passes and the feed speed. With a 
card sorter. the number of passes depends on the size 
and complexity of the control field. With the MFCM. 
the number of passes depends on preaequencing and file 
size (hence double depertdence) but is not dependent on the 
nature of the control field. Thus. for any particular 
sort there is a cutover file size, above which the MFCM 
is slower, below which faster. 

The c_utover file size, using the fairly sophisticated sorting 
algorithms and procedures of this paper. is roughly 5000 
cards for a nine digit numeric sort, assuming random 
initial distribution and an 082 sorter. The effective cutover 
file size is raised (favouring MFCM) by complex control 
fields, operator time, presequencing and most other 
incidental factors. Appendix 03 will be found useful in 
estimating other cutover points, remembering that certain 
operating procedures described in this paper can reduce the 
number of passes below the number shown in that appendill:. 
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045• 
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728 
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959 213 
561 Ht 1i5 u3 
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403 05C• 4'4• H6 
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765 H6 nz. "'" 
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581 255 
~ ..... 765 IU 051t• 

470 389 
123 156• f" 254 

297• lt70 
l4CI• 214 ..... ... 2•5 

351• 581 
151 1p 111 
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Oltl• I I II IW 
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528• 806 
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,. )94 

194 056• 
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U6 ... 702 

794 092• 
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352• 619 
lilt "' UI 

28' 

735• 794 
1tl6• 714 014 
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~97 Cl4•. 9n 111 

205• 5't3 
51 297 521 215 
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PR.-RY SZ:Cl\'t ST.l ~T.2 ST.3 ST.4 ST.5 
Situ/' 

56C 543 
l:38 '5t:Q 

713 622 
713 l:38 
8'iE 713 

784 
e3o 

713 
'ill 

784 
9c;c; 830 
2Cl• 

898 

C89• 
899 
911 

128 089• 
194 128 
535 l94 23'i 01 

21!2 239 
2-81 _282 
536 287 

548 535 
6lt 536 

579 548 
175 579 

696 61(: 
782 696 'P- ?'ii ' a.Itel en 175 
783 782' 
144• 783 s-.-~·•1 1!51 813 

CC~• 1!"57 
C57 C05• L - lw-'fJ"'*' 
223 cs1· 

l6C 
119 lltlt 
202 

160 
317 

119 

270 2p 
217 

2 ] 

388 
210 

581 317 
217 

"02 388 
U7 ltC2 

636 581 
61tlt 617 

708 636 
782 644 

781 708 
980 781 

945 782 
193• 945 

051• 980 
085 C51• 
238 CBS 

280 193 
345 238 

?31 280 
?35 331 
?82 335 

42.9 31t5 

"35 
562 382 

591 
429 
435 

682 562 
t38 5;1 
828 638 

684 682 
E45 61!4 

115• 828 
'i51 e45 
C86• ~'51 
158 086 Jr-.:nx Bl - lwic 'A'tfP*1~!l.i ~/Jj>lif: PRl'RY SEC~Y ST.l .ST. 2 st.3 ~T.4 Sl 

3i 39 
I' 



ltul- ~J /~i~ is fU1I- indak)r. 
• - A Jit1ud, is m:iJe llim'&h ts1U1is11eJ. 1a11k fr" lk f isl 
. shtcln' N 14Jh;d, "1'aii'"f~s !lie '>' ex;f an,Jihm .. 



~ 

Li T 9 '-- N ~ tis s,. Ss s, s.l .s.J ~ Ss-

N Total number of cards passed 
2. x .J., I·/ lol '11 4lf II.I- 216 211 kJ 20 2rJ ,, Np Number of cards through primary 

c 4-·6 j-f 161 4/S ,,,,. 
7.IJJ I~ II ,, 

" 17 17 Ns Number of cards th.rough secondary 

K.j "'" UJ NI 20 Number of Btrings through primary ~-II I·/ IZ] 411 2H- llJ~ ,// 21 Sp 

Ss Number of strings through secondary 

S1 Number of strings into stacker 1 .f J /{ .t·I 1'·1 JS"4- .JH ,. 67 f.i" II I# • "' /ti 
------------------------- c ~'} 6·1 "" .Ito t~• 7t. 57 ' 9 1 ' 9 
S5 Number of strings into stacker 5 t, .J·I 5f '!'I 110 5J' JZ JJ IP " "' " .9 
Li Average length of input atrings 

Lo Average length of output strings ,., t L·J IJ·:J TV· ~n. ~ ff" -'1 6 v I I ,. 
G Gain = L

0
/L1 c 2·1. "l 7~ IHI ~$1 "' ~z, , I • I r T Type of sort/ merge 

t 1·./- !IJ:J TT! ..,," :T61 46 46 I I ' 1 7 M Straight merge/ split 

R Retrospective merge 

c Compressive merge 

Rs Retrospective merge with synchronisation 
dff!"HK (2 t"1f 5-r-.. ~ '1~ K Number of stackers used 

J'~ •W> ~s x Variable Merge 

~ 

A~~ndix Cl EXPLANATION OF ~BBREVIATIONS 

- 42 -



~ 

T L, 9 Lo N N, Ns .s, ~ s, ~ ~ s.-. ~ -r K s l, N N,. Ns s, ~ ~ s.& s4 ~ ~ 

'K.. 2 2-6 s:z 8/J "'° .3 .. 1DJ 197 71 11 x 2 3-~ 8·1 812. J67 4lf IU- 2111, b b 1.1 tll " J J·/ 6-i. 8"'5 -H5 ~ 3'J /gS "-} "" .f-J 
ff-) 2·1 11-t !ff JU- ~ '1 /5 /I I# ID 10 117 + .5·5 13 8Dl 317 -115 /tu- 1Dh .t.6 N -2-J 27 
I-,/- 2.·J /~J !TL 312. .1!111 ~ 

,,,, I 6 r r I 5 3~ 8·1 62. Yf -4IS 114- 2Db 20 2D 2" zo ,, 
c 2 ~6 ,."' ,,,, ,,,,, 

~ bJ ,,~ II 17 " '! 'I c 2 ll s-' 111 -H> -1/J 7llJ ~ Jj" 74-
fJ 1·1 52 1116 "" 

2,. /L Yf ' 
, , 9 .9 J J+ ,.~ ,. 46 .-llJ PJ 2L5" ~ J'J ""' 1·4- .t·Z "l ~ "'"' .l>' ,,,. ./L I I I , , 

4 +-o l·I &s -"15 ;"' 1UJ "~ 
17- 25' 15" 2,-

s ..,., 9·~ 6.9 46 :JJ4- ~ IJ5" II '7 '7 " 17 
ts 2 l·IJ I·/ 1t7 "'' ,/fl 1H /61- ZI .JI 16 !P 11 

).J J-o 51 ,,, }to ,.,, -;z. TJ Jo ~ It! /tJ '} /fl 2 1·0 +-1 12.f ./IS" .flO 1P.J ~ ,,,. ~ , . .,. Z·-1- 11·] 771 J10 JIJ ~ "' f I f 7 1 
k's 2 lf° ,., 

61-7 416 411 )i>I- 2JJI.. 81 81 

s .J.-o 1.1 Bz7 ~ 
"""' 

JM- IJ>I.- ~ ~ ,bJ b7 .t.o 

t:f/!f:K!!, Jix l3 - fn,,J J'm~ f.mqf/. WTSUS §gin 
; CMdi er:s- c;; .... J- .::: s- 1tr-nx (A Sltidet£. 11.1£.J t"~U6 ,..q:a.1, 

ih/"1- Sitt'!! ~~ .2. 

~ 



L 

--,, 
---~ 

---c 

J 4 G I 

fhtal I~ ~7i"" 

dfrnex b1 · - 1~ S!riy ~A t!l!?ff" CJ!!i:1 
J(~ {,I&~ - 5 . 

a. 

-m 
-~ --c 

J' 4- G' J ~· 
LnF J76-i~ ~,, 

dgrnJix P2. - lninJ ~ ~ 
; J'llld;JI; ICCI!) ~ s 
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/J 

ft,rj fl .Clf j'~ ,.., 
·/ -

f~ria.~t~ fo 
?.r:J. r,.,.,lf:'J· 1~,,,s~·:.­"" -· ,_,~...., r ... _ -

Van.~5/e 
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APY.tNDJX £ 
. _ _lJJ!!f_Sr~af]_Cm. /~m,nJ 

Cn __ thl·fttouri:f f~e_;a1er / ~c7~~ ustt1 f1, )e-nw~Y. 
!fze i:Ju/ fs 1-t/..is rr is ;j S feJ- 1..,-iflj ;nfrr~rreJ Cb1111 H!'Jt' ts 

Jk ;lmZflzuY.J /istii1q i-ff i!-tn fr mr1!rrsf £, dwab':J en~ s;;;c't' 
J _ _/ I' • J ' '·/ r .• 

if .:2'l- IJ v1 drJ !J k ]_rrn"h h! .J as- <!- ttu>rM ) /l;il/l '?f . f t7JW 1 J 

/ 1 fl I t . , L 
/";'ev~I: i_e,r.1 ~:1!r- 1MJ tJT i; h"'c' c/cys ,r:n ct. MfNr!Si · . 

6[_j,,lJ1!)113 ;vl1J1 mrJJl!sJ- cums . Jf 0as 11c Slnlr<~/'l'!)'Wr) 

s!)JC( ii tlar JU#:Jht') v1i1-r>cl!f 11:·lo sej·ha}}~:J ~b!Mal-. 

J;e ?rrromn1 uceJ 3.~ tJ.Y /,,fol ff LE WH1Ptlli' ciJvancf:'J 
/j J .) j ,/ . 

J,ru_f. '"'Ur1m. iiy, a+;'j l-40f at'7rf a Ne~ ,1nifj _;punch 
/N!_ T!'c:tcf. JM k;:~, ~ s/cm};u-d ~tu!,, Mt'S 

/J-Jt7tt~~ :Jthy$;'.) . . 
1 

1n1nr..1f-J i?~E'r 11yu.--r /S ID ,tu-' 
n--a d Jh'J 

1 
,Sec01t o~ ,~ #ii.~ /"uA1ch ;--ei•J) J17'/i:i!­

/402- ~ card Yl:'~~r. . A camt:lfe ~t' A;.·;11 

;.;lza11;u:' (I JtU-JChc''J-- IS ltecerra.n/ . and- 12 c7'ttZJ-tnt'! 
· ~· j . . I . ,.. ._/ _} ( . ,. · ' 

rs m/r-rr-~cr-lr!} ;?r- n-m-ff(}W, ,;.'rd- Jmntzf- 1.s 

2b /!uw dJff narn/err r carJ th c. e. !7"""3 ) ;;;;,~ 

tJtunW:-s My rgc~<;fJ ~ ~ fnn R!&/17 b, /£Ff. 



SORT HlG PROGRAM 

CLEAR STCRAGF & ROOTSTRAP Ct~GS 

,008015,022026,030034,041,045,t53L0721~01026bbbhbbbh/¢991,0~1/CC111EI01lbbbbbbC1 
L096116,1051¢6,1101108101/!99,Y27#099029~~27S001100bP026bbbbbbbbbbbbbbbbbbbbbbC2 
, p 0 8 }11 s , ¢ 2 2 0 2 9 , p 3 6 0 it 0 L 0 7 1 3 8 1 , 3 5 4 3 s s 1 0 P 1 I p s· 0, 0 0 1 v 0 0 G 0 0 6 11 r ~ t+ 6 7 4 0 g , 0 ~ 4 l1 2 4r.-1bRooT1_ n 0 l 
L07~412,366367,374381,386390,3973921001~468MS03S474005#V3580¢5K~007470bbLOADER~2 
L 0 6 9 4 4 2 , 4 0 6 4 2 .C I 4 2 4 4 3 1 , 4 3 9 0 J) l , 0 0 1 0 p 1 1 D 0 1 t !; 4 6 9 ( 0 fl~~ 0 c 0 P.. 4 7 3 4 ~5 g 8 L~ 4 3 4 6 s ~ ~ 3 7 4 b C· b Lr:· f. f) F R 0 3 
L¢71474,447455,462466~468469,4714748350S469P4244?¢-~374420~406¢7~ht¢r1ibLOAD~RV4 

CCt:TROL RCUT H!f- FOR S TR/". yr:rir M~Rt:F 

5 ¢ 1 5 0 rn b b b~ b b brn b b brn b"" F n,.,., ~ d,..., / l 8 0 rn r:: 5 c 3 5 0 6 ~ p 5 7 1 T ~ c 5 0 CJ 5 f5 3 ""P. 5 5 1 T- p \·.' 0 1- D 5 l 0 b h L-- L: ~.-·I;!: r b b ~ b 
5 5 1 5 5,..., C 5 ~ 9 5 0 6,.... 8 X P 1 T,.... R ~·J 5 1 '""P 5 1 9,.,.. C 5 0 9 5 C 6,.,., n 5 8 7 T"" P 5 (. 3,.,., C 5 0 9 5 ~~ 3,.... P X [5 1 T ~ n ~· L 1 L~ L: L b t:· c h b b b l, L~ !, 

R 0 UT I r ':=: T 0 r, E T ~!EXT n P T ~-~ f.. ? Y ~ . Ur 111'.7. R 
7 p 1 5 8,.,., H 7 3 4,.,... r1 8 7 8 5 0 3,.,., !1 7 3 8 5 .~ 3 b ...... •.• 2 7 5 8 7 8 ~ ~ '· 7 3 7 !"'"' p r.: ~i 0,.,., b b r.~ Ml r~ 8 (r,...., ( .': 1 ,.,.. l ,...., L i 7 ~ f. 7 ~,.... p 7 ) I 5 b b b L- b b 
'""'PRIM.ARY P'.PUT ARFf\ n:JTTt·.~.rsr-;J('.t'. 

8 7 8· 0 1 b b b b b b b b b b b b b b b h b b b b b L b b b bf:, b b b b b b b b b b b b b b b b b b b b b b b b !:- t) b b b b b b t. L· :. b :· !" b b L l:-- ! · !- ! · h r h 

ROUTH!'.: T0. r:rr ~'FXT SECIJ~'r'tPY t 1WH":FR 
9 0 1 3 P,..., ~ 9 3 4,...., .· ~ S 7 8 5 f5 6"" r, 9 3 8 5 0 5 b,....' 4 S 7 5 S 7 8,.... ~,: 'J 3 7""" b h b b b ~; b b G b b b b b b b '.:.I: b Lb b h b ~:it-. s b b b b b h h b Lb b b 
9 3 · l 2 9,.,., P. b b b,..., b b b,.,., I 0 8 ~) t'I'\ , 0 f~ 1 ,..., 4 R,...., '_ ;_; 7 B S 7 8 ~ 0 9 ;~ 5 r-) b b b b b b b b b b b b b b l> b b b b c b !:: b :_, ! ~ ! , i: t' '.> b b b t' b b b b L b 
"'SECQH")f.~Y H 1PUT /\Rr/\ n·nr;.LIS/:-TifW 
s 7 8 01 bb bbbL bbbb bbbbb bb bb b b~: sb b bb bbbbb b bbbb!: L bbh bb Lbbb hhbh l' bhbhbb Lr~~· bb ebb b b bbbhLb 



I /0 STORf.,GF /\REA 
re143mbbbmbbbmbbbmbbbmbbb~bbb~bbbmbbbl""\bbbmbb~~bbbmbbbmbbbmbbbMtbbbbbbbbbbbbbbbbb 

SET-UP & PRINT ROUTINE . 
U0154mHU94mBVSl@mH089~¢0m/299mGU59T*3b~MTt32t3""'CT~6Tt3~8U78T~MTt3TtG-bbbbbbbbbbb 
U 5 5 4 l""r~2 9 9mHf)8 9f1:f: 6m~U9fJTt 1 t""'PU2 l '""ML'8 9 2 t 4mRU4 g ..... :~m2""'8 0 ¢ 0 bbbbbbbbbbbbbbbbbbhhbbbbbb 

. . . ' . 

mp~~E OVERFLOW ROUTINE . 
V~l23mHV23mLV64241mfJmfA~2 ..... FS ..... 2-Pbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbblbbbbbblbbbbb 
V2450mPRMRYbSECNYbST.lbbST.2bbST.3bbST.4bbST.5bbbbbbbbbbbbbbbbbbbbbbbbbbhhbbbhbb 

FEF.D PR H1~.ARY & . GET ~'.FXT 
W ff 1 5 0 m ~1 h' 3 7 ""f·1W4 0 vl 1 8/¥\f1 5 0 :J b b b,..., P. 7 0 l m ;' 1 5 0 3 T f! 3 '""'r.U 0 l"" P b b b,.,., T 15 b b b b b b b b b b b b b f) b b bb b b b b b b b b b 
X512¢m~5035P9/¥\R70ImRW23bbbbbbbbbbbbbbLbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb~bbbbbb 

F=:~D SECO~!D/'~Y & Gt:T f\.!F.XT 
W515¢~~~87'""MW4¢W68,..,M506bbb~s901-rJ506T09,..,RU0l'""'Rbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb 
X712¢~~~506509~99¢lmPW73bbbhbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb 
00628~f~¢27'""~W22X5l~~W72X7l'""P350~bGbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb 

SWJ\ P ST t..CKE RS 
X015ZMHX26mMX32W4¢mMX29X32""~!W4¢mRbbb""Tl5'""T2Ibbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb 
Y33l~mMX465~9mR519mbbbllbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb 
0 0 6 2 9""JU~ 281"¥\~·1fJ1 7 X~) l "'"'~!mHX 2 6 X 3 3'""P, 3 5 ¢""bbb bbbbbbbbb bb bbbbbbbbbbbbbbb bbbbbbbbbbb b bb bbb 



SORT I~'.~ PROGRtJ-1 - PAGE 3 

CO~-!TROL ROUT I MF. FOR· RETROS P.EC TI VE ~1E RG r: 
Y Jj 1 4 8"" F Q'""' F J,.,.. / 18 0,..., f1 d £11 ~ <: 5 0 3 5 f5 6 ""PY 5 7 T"' E ~~ .C l ""· ~ 1· 4 1 ~ P. \·.' P 1"'8Yf!9,..,,Pi10 1 "'RP f; 1 b b b b b b b b b b b b b b b 
Y4933""'RWSlm8y~gmrN01"'PY69"'~Y49"'P~01'""8P01""~Y33~lbbbbbbbbbbbbbbbbb~bbbbbbbbbbbbbbb 

R 0 u T !"·! f: T 0 R ,l\ ~ '. K TH=: s T :~' (X r::: R s p y U\ s T Ft:~ 1 ~ I 1__; ~·. r:: ~ ? . 

J0148""HK 1l'""PT13Zl3'"'"'Hl l 5Tl 5'"'"'HZ21 T2 llTIP1..'7 l T2 5::: ..... c~::2 7!27""~J71 T3 l+bbbbbbbbbbbbbbbbb-bbb 
J 4 9 2 7,.... H Z 3 3 T 3 3,.,... r. d 7 1 T 3 7 t,.,., 1-

2 Z 3 9 T 3 C),..,, p, !( yJ l b b b L-· L: b ~-' :~ '.: : . c) :_· b ! ~ b b b b b b b b b b b b b b c t"'. !J b b b b b b b b b b b b b b' 
K ¥5 1 4 9,.,,, H 0 8 9 rJ D 0,..., f?, b b b z I 3 ::: ,..., H ~ <J 4 fJ :t 5,..., p, K 8 8 z J 3 t'"" r: .;:: L

1 
;_· z / 2 r-. ~ k: G 0 T,.,.. f-'. rJ 9 4 0 ! 6 b tj b b c b b b b b b b b b b 0 t:: b :. : 

K 5 0 5 £f t"I'\ B K 2 3 '"" b b b b b b t"I'\ M z J 8 K: 5 9,..,, > '.,..., r 1 z I 8 z J 8 t¥'I r:~"" ,' '. L( 5 ~ ::: / [ ,_ ' , "" r ~-~ Lt 3 ""I. I .;~· ~ 9 f) t G ..... p '< ~( p ~- !::· ~: b b b b b b !:.- b b t: b b 
,..,,STORP.<~E t-R'f1 FOR RJ\~'.Krn ST/:CKERS 
Zl 3 3 l ,.,.,b b b"'"'bb bt"l'\bbb'""bb c'""bbb"."'b bb,..,bbb,....,bbb,....,bb b'""c:... ~;"':: h bb bb h l:b bb bb bbbb bb::, bbb bbb bbb H-- 1--h h 

L 0 0 K F 0 R PR U-4.A RY SL 0 T 
M ¢ i s 4,..,. ~Jr~ ci s ..... µ 0 s CJ !J J1 0,.,.. r rJ ? 0 z / 3 :; "'r: z 1 s 5 ~5 3 "':i :' • l~ 3 r,,.. ·. ·::: / : · ... · L~ 0 ..... r1 0 ? 4"""' ~ 1 r 2 0 rJ t Gr-" 0 

,_A 1 2,.... b b b b b b b b b b b b 

LCCK FOP S f:"Ct1"'0/\R Y S IJH 
~ J 0 1 5 4,.,, H 0 9 9 "'w 0 8 CJ p 0 0"" f""'. 0 ? fJ 7_ I 3 :; "" c :: I 8 5 0 6 ,.,., p i ' l;. 3 T,..., ' ' y / ~ L 4 0""' n jf ? l t,.., I r r 8 9 0 t 6 ,..,, r-: ~· ' 1 '.'.:' ..... b b b h b ~, b b ~ ~ b b b 

FOP.CF.: S T/1.( I< FR V!Hri-~ t·:o S LC! 
P .0 11 s ""'t 1i P I 4 z 1 8'"" n, ~~ 0 l ""h h b,..., b s t-. b b b b b b b b b b b b b b c !: c ~~ :: r, ~., c· b b L b L r: b b b b h b b 1 · b h 1- b :) b h r; b h b h b h b b b r-: 



SORTING PROCRAM - PAGE 4 

""COi<TROL ROUT I ME FOR cm~PRE SS I VF ME:RGE 
0 P 15 3""' F@""F J""' I 18 P""'P. J 01""M5 0 3 R £13""B RC 1f"'~-~ 5 ¢GR. f) 3 ""GR P 4""'C 0 8 8 C 8 2 (¥\SC 6 2 T...-.;.~c S 5.'.: 4 ;: b b b b b b b bb b b 
Q5435"'BW01""~009,..,MQ79W40""~W51~8Q~S-bbbrnbbb""bbb~bbbbbbbbbbbbbb~bbbbbbbbbbbbbbbbbbb 
08912""8R04rnnJ01rnAQ24bbbbbbbbbbbbbb!Jbbbbbbbbbbbbbbbbbbbbbbbbbbhb~bbbbbbbbbbbbbbbb 
¢~612""HQ23089""8350bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb 

ROUTI!''E CALCULP.:TH!G GAP BETHEE~~ ~-'.Uf·lRER & STJ\CKEP 
RP l S.6rnbb bmHR6 7"'M08 2Q8 8mMrnH0 8 9 0 ¢ 0'""PR 6 s z I 3 :;:rnc z I 8 R0 3rn~R g 3T,..,MZ I 50 79""'5 z I 8 R0 3 bb bbbb bbb 
R575¢""MR03Q82rnBbbbrnH~890¢~""5?06Zl8""'~?06Z18""'8R43-~0890±6t'l'\8R23""'5~Cbbbbbbbbbbbbbbbb 

GET ~,! E X T .PR I MARY ~~UMP. E R - i-10 D I F I E r: T 0 S n : CH R 0 ;· ~ I S i::- T f-1 F R ~ T R 0 S P E C T T VE ~ ,~ E r:\ r; F 
i¢ 15 3""'H 7 s 3,...,~.~ 5 ff 37 s 9""'~-rn 7 8 5 0 3""~ 7 6 0 5 t 3 b ..... ~.; s 7 s s 7 g ..... r • 7 :.'c..-.r: 7 5 s 503,...,r ~ 01 T"'"'~ ~ bb bb bbbb bbbbbbb 
75446rnbbb,....bbb""/¢80""',00l""'l""'L078878""P712~rY4lb-~Y57Tbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb 
t f5 1 3 4""' H t 2 6 7 8 4,.... P, :f: 2 3 Y 2 t+ Tr"!-' :f: 2 6 7 8 9 '"""~ ~ b b h Y 2 L~,....'"' 7 5 ~,.... b b b b b b b b b c b b b b b b b h b b b b o b b b b b b b b b b b b b 

GET ~!EXT 2~!!)RY. ~JUMRER - MODIFTE!l TO SY~'C!.JP("'~'TSF T 1 ~c:- prn·'.f'SDFCTI\'F r.~c.Rr.F 

9 yf 1 5 3 ,.... H 9 5 3,.,.. ~·15 0 6 7 5 9,.... M s 7 8 5 0 5,..., 2 9 5 4 5 f ~ G b,..., ~ ~ s 7 5 s 7 2..,..' • 7 5 r ,..., ( 7 5 9 5 .(i G,.,,.. r ~ 4 .1 T ,._,Cl b b b b b b b b b b b b b b b b 
9 5 4 2 6,..... I 0 8 0,.,..} 0 rr 1,..... 4 ~,.... L 0 7 8 s 7 8,.... p g 1 2,.... 0 y G 'J b b b b b h b Lb b r: b b b b b b !: b Db Lb h b b b b b b b h b b b b b b b b b b b b 
=!: lf l }4""Hi: G 6 9 7 gmp, t 5 3Y 2 4 T""'H t 6 6 7 8 9"'~·}bbbY zu,.....r 3 5 t ,.,,..bi:, bbhbbb !•hbbbbbbl)bbt-l-:bb~)~bbbb bbbbbbb 
""F 0 RC E S Yr' CI-' R 0 N I Sf'. T I Ot ! H ! r:: () ~ 'T P 0 L f: 0 UT I r T 
ef¢616""HY32P01""'HYG4""'P350bbLbbbbbbLbbbbLbbbbbb~bb~bbbbbbhbbbbbbbbbbhbbbbbb~bbbbbbb 

T~E PRECEDJl"!f'; C1\R;;s,cor,:cc-R~TD v:rn-' SY~JC~- 1 rn.;:rst-TJ(W, ARF. m 1LY I'.!CLUDED \'.1!-!E;! 
·\·JHE~-'. THIS VERSJm.! OF Tf·J~ RETROSPl=CT1 1.'F r·:=:~r:i:- IS Rr0',-'IPf::fl! 

-~ 



S 0 RT I ~: G PR 0 GR /"-M _- PA f F 5 

""'nm C/'..Rr 
00652MP5118~8047C~MT43T37-~047D-~T37T~lM904?E-~T31T25-8Y~lG~RQ0l~b~bbbbbbbbbbbbb 

SEt·!SE S\'fl TCH SETTH-~GS 

B or: -- STRAil-~~T MERfcE & SPLIT 
G Ot~ - RETROSPECTIVE MERf;E 

ELSE - COMPRFSSIVE MERl-F 

C O~: - 5 STACKERS 
D ON - -4 STACKERS 
E O~ - 3 STACKERS 
ELSE - 2 STACKERS 


