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Modifications or revisions to this program, as they occur, 
will be announced in the appropriate Catalog of Programs 
for the IBM Data Processing Systems. If such announce­
ment indicates a change to the program decks or tapes, a 
complete new program, if needed, should be requested 
from the Program Distribution Center. 
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Aclmo1.Jledgement 

This ~rogram is a modification of one for the basic 
1620 with naper tape input and output written by 
C. R. Nichols, m~f, Inglewood, california. The only 
changes made were those necessary to enable his 
program to be used \..,.1 th a card 1620. }1Uch. of the 
information in the writeup is taken directly from 
hi S v-lri teup • 
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T.. PROG RA lVl DESCRIPTION 

This program solves linear progra..rmning problems Hith 
output of detailed results. That is, given coeffi­
cients ai1, cost coefficients OJ, and requirements 
bi' dete~ine Xj such that 

~ 9.1 jXj • bi ,d th Xj ~ 0 
..J 

and 

~ cjXj = ma.ximum 
J 

computations are performed by the DUal Algorithm until 
a feasible solution is obtained. Control 1s then given 
to the simplex Algorithm for optimization. cost changes 
and requirement changes can be made after loading 
origina.l matrix or after solving origina.l ma.trix. 

A. ~nchine requirements 

1. Basic 1620 'toJ'ith card input and output. 

2. ~ny size storage can be used. The larger the 
storage, the larger the problem that can be 
solved. The size of the problem is restricted 
by the follo'Vring relationship: 

(m + 2) (n + 3) L memorl - 3920 
- -10-

where:m is the number of restrictions 
n is the number of non-basis indenendent 

varia.ble s ---- -
memory is 20,000, 40,000, or 60,000 

3. Source language: actual ma.chine language 

5. 
6. 

subroutines: 
td th program. 

Input media: 

output media: 

floating point subroutines supplied 
No other subrou·t;ines needed. 

card reader and console typewriter~ 

card punch and console typewriter. 

7. RUnning time: The precise time required per 
iteration depends on the size and density of 
the matrix. As an approximation, e. problem 
loll th 30 equations and 40 non-basis variables 
requires about 20 seconds per iteration. 

8. Decimal accuracy: All computations arc perro~ned 
in 2-and-8 floating point form. lYIatrix input 
can be a1 ther fixed point or floa'i:iing point. 
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B. !nOr stopa 

1. All stopa MaY be recogn1zedby displaying 
IR-l in MAR. MAR will contain the address 
ot the halt instruction plus 12 •. 

Halt instl'.· Reason . 
01126 
01288 

F1oat.1ng point overflol-l 
Floating point attempted d1vision 
by zero 

00012 
02458 

00012 
0,3110 

00012 
02531.~ 
02654 
02838 

Loader - ready for next code 
cost changer- Change entered tor 
a non-existent identification 
number 
Cost c~o.nger - ready for next code 
RHS changer - change enterod for 
a nO'n-existent .identification 
number 
RHS changer - ready tor next code 
DU.a.l algorithm - inconsistent matrix 
Simplex algorithm - unbounded solution 
f.1atrix ,pWlch - ready for next code 

2. Error procedure 

a. cost. cha.nger(02~.58). Erroneous 1dentiflc'at1on 
number is the last one typed. 

It data are being entered through the type,. 
l.f!'i tel', depres s RESET and INSERT. 
Type 49 02126.· . . 
Depress RELEASE and START. 
corrected or new change data may now be 
entered no~alli. 

If data are being entered from caI'ds, the 
erroneous datum may be ignored by following 
the same steps as above (tor ent,..,. through 
type~rr1 te r ) • 
It it 1s des1re:d, to entorthe change cOrr8'ctl,. 
through the t'Y'Pewr1ter, the following stepa 
MUS t be to.l<:en: 
set console sw1tcb two on. 
Decre a's RESET and Il'lSERT • 'me 4902126. 
DenressRELEASE and START. 
Enter COrlt'8ct datum t~ou.gh type,writer 
(compl.ete with record mark). 
'DeprelsRELEASE and START. 
~"'hen typewrl tel' isagaln se,le"cte4, depress 
RESET. 
sateonsole sl-11tch two ott. 
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o 



o 

o 

c. 

-3-

Depro s s INSEn';1.~ . :'~~~ .~ .. ,~:~\ SE, and START. 
PJ:'ocesning 1·,Til~. '~!.' 'i ccnt:Lnue normally, 
rea.d:lng data from cards. 

RHS Changer (03110): Erroneous identification 
number is the last one typed. 

If d!.lta. a.rc bcinB entered through the type­
'tJ'ri ter, de~)ress R .. BSET and INSERT. 
Type 1.t9 02126. 
Depress REL&\SE and STAPT. 
Corrected or ne't-l change data may no,., be 
antered norma.lly. 

If de. teo are be ing entered from cards, the 
erroneous da.ta ma.y be ignored by fol1oN'ing 
the same steps e.s above (for entry through 
tynowr1 te r ) • 
If it is desired to cnter the change correctly 
through the typeV1ri ter, the follo'tvinrs step s 
mus t be tal{en: 
set console s"VTi tch three on. 
Deuress RESET and INSERT. 
~ry~e h9 O?126. 
Denre s s HEI..EASE anti START. 
Enter correct identification ntunbor (4 digits 
plus record mark) through typewriter. 
Depre ss RELEASE and START. 
Enter requirement change (including record 
mark) through type'Hriter. 
Gepress RELEASE and START. 
~1hen typewriter is again selected, depress 
RESET. 
;)et console sHitch three off. 
1)e'..,ress INSERT, RELEASE, and START. 
Processing Hill nOl'1 continue normally, reading 
data from cards. 

Dual algorithm (02534): TO obtain solution 
existing at the time of discovery of inconsis­
tency: 
RUn out cards from reader. 
Replace cards in reader hopper starting with 
Final Basis cutput program. 
Depress READER SirART. 
Depress RESET and INSERT. 
TYPe 49 00024. 
Denress RELEASE and START. 

d. simplex Al~orithm (02654): To obtain solution 
existing at the time of discovery of unbounded 
solution: 
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Denress RESET and INSERT. 
TYPe 1.1.9 00024. 
Depress RELF..!ASE and St.rART. 

e. OVerflow-underflow: Overflow causes a 
stop at 01126 or 01288. Underflol-l causes 
the result to be set to zero, and pro.cess­
inp; continues. Either condition indicates 
either rnachine malfunction or unreasonable 
data. 

t. Any other error: unrecoverable. 
Restart problem. 

II. THE PROG-PA}1: 

A. Operation Instruotions 

1. set type\Olri ter margins at 12 and 92; tabs at 
21.1-, 36, 48, 60, and 69. 

2. It is important to note that no mOl")e than one 
instruction at a time may be inserted at e:ny 
time after the initiation of the Loader routine. 

3. To load initial data: 

a. Ready the LOADER deck in the card reader 
(including matrix input data). Depress 
R.'R.~DER START. 

b. 

c. 

d. 

e. 

r. 

g. 

h. 

Depreos RESET and INSERT. 

Type 16 00010 00000. 

Depress REIPASE and START. 
rfl,1.1s initiates memory clear' routine. 

After at least one seoond, depres:s INSTANT 
STOP, RESET, and INSERT. 

Type 36 03826 00,00 
49 03826 

Depress RELEASE and S~RT. 

Prog:raaln deok loads, data are loaded, and a 
halt at looation 00012 is exeouted. Opera-
tion may nO\v prooeed to the COST CHANGER, 
RHS CHANGER, or SOLUTIO~T programs. 

o 

o 
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4. TO effect cost changes: 

n. Ready the COST CHANGER deck in the card 
reader (including data change cards if 
changes will be made from cards). Depress 
READER START. 

b. set console s\J'i toh two off if' cost changes 
will be entered from carn-reader; switch 
two on if data will be entered through the 
typewriter. 

c. ~epress START. 

d. If data arc entered through the typewriter, 
RELEASE and START must be depress·ed after 
each entry. (Don't forget the record mark 
to terminate each entry.) 

e. After all data are entered a halt at location 
00012 is executed. Operation may nOvI proceed 
'(;0 the RHS CHANGER or SOLUTION programs. 

5. To effect requirement changes: 

a. Ready the RES CHANGER deck in the card 
reader (including data change cards if 
changes Hill be made from cards). Depress 
READER START. 

c. 

d. 

e. 

set console switch three off if reauirement 
changes will be entered from card reader; 
switoh three on if data will be entered 
through the typewriter. 

Depress START. 

If data are entered through the typewriter, 
RELEASE and STAR~ must be depressed after 
the entry of eaoh identification and each 
change. (Don't forget the record mark 
to terminate each entry.) 

After all data are entered a halt at location 
00012 is executed. Operation may now proceed 
to the C03 1r CHANGER or SOLUTION programs. 

6. To solve and obtain output: 

a. Rea.dy SOLVER deck in the card rea.der. 
Depress READER START. 

b. set console awl tch one on t~o type i tara tions, 
off to omit iteration typeout. 

-----------------------------;-, 
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c. set console switch .four on to obtain 'Duric-h­
out of final matrix, orf~o suppress punch-
ing. -

d. Depress START. 

e. After all output is complete, a halt at 
location 02838 will be executed. Operation 
may now proceed to the LOADER, COST CHANGER, 
or RHS CHANGER programs. 

B. Data Preparation 

1. The first card to be entered is a case identification 
card. A five digit alphabetic idefiIrr1catlon 
1s punched in columns 1 through 5. columns 6 
through 80 are blank. 

2. The second card specifies the size of the problem 
being entered. It is punched as follows: -

Information card columns - .......... .. 
o (zero with a minus sign) 
number of equations (3 digits) 
Q (zero) 
o (zero with a minus sign) 
number of non-basis variables (3 dig.) 
o (zero) 
input oode 
a.- 1 for row-column, fixed point 

input 
b. 0 for a complete floating point 

matrix 

columns 12 through 80 are blank. 

1 
2 - 4 g 
7 - 9 

10 
11 

The matrix ean be entered in one of two forms;: 
floating point (the entire matrix is entered,~: 
oolumn by column, exaotly as it is to be stoNd, 
including zero entries) or :fixed point (entries 
oan be in any order, aacompanied by the1.r res­
pective row-oolumn designations, and zero ele­
ments need not be entered). 

For floating point entry, eight elements are 
punched on each card, with a minus sign over 
the first position of eaoh ten position field, 
and a minus sign over the last lJositlonof 
negative fields (units position). '!9;l.ereare ten 
positions per field, with the first two positions 
specifying plaoement of the deoimal point <$0 
designates a decimal point to the lett of the 

------- -~--
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first non-zero digit; 51 designates one non­
zero digit to the left of the decimal; 49 desig­
nates thnt the first non-zero digit is in the 
hundredths position, etc.) and the last eight 
digi ts (vIi th no leading zeroes) giving the 
element itself. A zero element is specified 
by ten zeroes, with a minus sign over tho first. 

The elements must be punched in column order, 
starting with the first basis cost. See the 
matrix layout included with this writeup to 
know hO'tfT the elements are stored In the matrix. 

:5. Fixed point matrix elements are entered four 
to a card. 

THO types of cards are necessary fOl') matrix 
elements: 

a. RO'ti-colu1'nn cards designate where the elements 
1,)'i11 be stored in the rna trix. .Rov-I-column 
designations are punched in colu.lnns 1-6"L. 
21-26, t~1-46, and 61-66 in tho form RRHGCC 
(8. minus sign accompanies the first digit 
of each rOH and column designation). The 
collLYfln de signa tion specifies collu11l1 number 
considering only non-basis vectors. The 
requirement x.ariables have only a rOll desig­
nation, and 000 should be entered for their 
coltunn. 

b. r1atrix element cards contain fixed-point 
entries including optional leading sign, 
up to eight numeric digits, and mandatory 
decj.mal point. Each entry must be terminated 
by a record mark (0-2-8 punch). The four 
elements are punched begimling in colurnns 
1, 21, hl, and 61 for each card. 

Elements may be entered in any order, but corres­
ponding row-column designations and matrix 
entries must be in the same nositions of suc­
cessive cards (roH-column ca.rd preceding). 

Loading of zero elelJlents 1~ optional 
! -.. .. . - . - .... ~ • 

If any card contains fewer than four elements, 
the first blank field (column 21, !~l, or 61) 
of the rOlv-column card must be punched with a 
record mark (0-2-8 punch). -

n· ". 
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~ Description Row-column 

matrix element of the ith row 
and jth non-basis vector 

.. 
element in the ith row of 

I 
, .... A..-, 

the requirement vector xxx(ioo 

Fixed point cost entries are also four per card, 
but the row-column designation is on the same 
card as the cost. 

Entries consist of a six digit row-column desig­
nation followed by a ten digit ID/cost, vlhere 
the ID is a four digit numerical designation 
to identify theoost variable, and cost is a 
six digit fixed point entry wi'th the decimal 
after the third digit. 

~ Description 

°i cost per unit of basis 
variable for row 1 

cost per unit of jth 
non-basis vector 

ROvl-co1wnn 
I .:rD 0:.:. 'So r 

r~-" ~~ 

xxx()OIXxxmxxxx 
...,; ru cQ$;­
~~~ 

oolXxxxxxxxxxxxx 

Negative cost is signified by a minus sign over 
the units position of the cost field. 

If any card contains rewer than four elements, 
the first blank field (column 21, 41, or 61) 
of that card must be punched with a record mark 
(0-2-8 punch). 

The last data entry for fixed point mode illu.at 
be 000 to terminate the loading operation. This 
can be ptUlohed in columns 1-3 of a nel.J' card, 
or in 21-23, t,.1-43, or 61-63 or the last row­
column or cost entry card. 

Entry of cost changes: 

Data for the COST CHANGER routine oan be entered 
either from cards or from the typewriter. If 
entered from cards, one entry is punched in 
each card, in oolumns 1-10. The entry cObsists 
of the four digitID and six digit cost figure, 
'tli th a minus sign over the first dig'it of ,the .. ~. 
cost (columnS) and over the last digit of negative 
costs (column 10). pol1owing the last cost 
change card mttst be a cflrd punched with four zeroes 
(columns I-L,.) to terminate the operation. 

o 

o 
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If antered from the typewriter, the format is 
the same as from cards: fOUl" digi t ID and six 
digi t cost figure 1.v1 th flag over the firs t digi t 
of all cost figures, and over tho units position 
of negative costs. The last entry must be four 
moroGs to terminate the operation. 

Entry of requirement cha.nges: 

~ere are two entries for each requirement ohange: 
the identification and the change in the value 
of that requirement element. note that the 
now requirement element is not entered, but 
rather the difference between the old and new 
requiremen.t elements. If changes are entered 
from cards, the identifioation and ohange are 
entered on separate cards, one per card. 

The identification is entered first, and con­
sists of the ID associated with the cost element 
.for that roVI. Thus, to change bi • b3, use the 
ID associated with ci = 01. No flags or record 
marks are needed in entoring the ID either 
from cards or typewriter. It is punched in 
colunms l-LI. of card entries, vlith 5-80 blank. 

After entering the In, its associated requirement 
chanec is entered (by typewriter or on a separate 
card). The entry starts in colmnn 1, if a 
card is being used, and oonsists of optional 
leading sign, up to eight n~~eric digits, and 
mandatory decimal point. It must be terminated 
by a record mark, whether it is entered from 
cards or from the typewriterc 

The last entry must be four zeroes to terminate 
the operation. 

C. Interpretation of Results 

2. 

Cost changes or requirement changes are typed 
if the input is from cards. If input is through 
the typewriter, the input operation itself 
produces a log of the changes made. 

DUal Algorithm and Simplex Algorithm: 

Results of iterations are typed only i£ console 
switch one is on. If it is desired to monitor 
the course of the solution onlh occasionally, 
this may be done by setting switch one on and 
off periodioally.· The following points should 
be borne in mind: 
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a. Page headings for iteration output are 
typed only if switch one is on at the be­
ginning of the solution. 

b. The iteration count is reset tvhen the dual 
algorithm is .finished and control passes 
to the simplex algorithm. 

The 1nfor--llation which may be typed includes 
the iteration count, the current value of the 
profit function (floating point), the last 
variable to leave the basis, and the variable 
which entered the basis. 

3~ Final Basis Output: 

The final value of the profit function is given 
in floating point. 

For each final basis variable, the £ollowing 
information is supplied (in rixed point): 

a. Ident1ricatio~/cost coefficient. 

'b. Activity. 

c. The limits of the cost coerricient over 
lvhich the current solution is optimal. 

d. The variables which limit the range of the 
cost coefficient and will enter the basis 
if a limit is exceeded. 

4. Final Non-Basis Output: 

For each non-basis va.riable, tho follo't-ling 
information is given (in fixed point): 

a. Identification/cost coefficient. 

b. Shadow price - the penalty to the total 
system if a unit of tIlls variable is forced 
into the final solution. 

c. The limits of activity over which the shadow 
price applies. 

d. The va~iables which limit the range of 
applicability of the shadow prioe. The 
upper limiting variable is the one which 
would. leave the basis if -the ~i.ssociated 
non-bq.sis variable were fo~oed into the 
solution. 

o 
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j. A puncbout of the complote final matrix is op­
tional under control of console svTi tch four. 
The cn.rds punched also contain. all necessary 
supnlementary information and are in a i'ormat 
which is suitable for direct re-londi~~ by 
the LeADER routine. 

D. FUnctions of Individual sub-programs 

1. 'I'he data. load routine reads and stores parameters 
for the p!loblem. It then proceeds to load and 
store the matrix in the proper format. In the 
case of' fixed point input, storage locations 
are computed from the row/column designa.tions, 
and the input elements are converted to floating 
point nota.tion as they are read and stored. 

2. The cost change routine reads ID/cost elements, 
searches tho matrix for a corresponding iden­
tification number, and stores the new cost 
coefficient in the proper locG.tion. 

3. The requirement change routine rea.ds variable 
identification nwnbers and changes for the 
associated requirement element. The change is 
converted to floating point notations, the 
matrix is searched for the identification nuni­
ber, and tho requirement vector is updated. 

Lt .• The shadoH price calculator converts all cost 
coefficients to floating point notation and 
evaluates Zj-Cj for each non-basis variable. 

~le dual algorithm computes a feasible solution 
for the problem. Its operation may be monitored 
allovJ'ing the typing of tho value of the functional 
and the identifications of the variables that 
enter into and are removed from the basis. It 
should be noted in this regard that the objectives 
of feasibility and optimality may not be compati­
ble at this point, and therefore the functional 
may actually decrease from one iteration to the 
next 'Hhile the dual algori tbm is in control. 

During the reduction of the matrix of coefficients 
a test is made to detennine whether the resulting 
quantity has a magnitude less than an amount 
called "essential zero." Any element falling 
into this category is set to zero in order to 
avoid computation with numbers which are actually 
not sisn1ficant. "Essential zero" has been set 
to 10-. Its value (the corresponding floating 
~oint exponent) is located in memory addresses 
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3141~ and 3145 and may be changed if desired. If 
this change is made, it is important to note 
that the high order digit must carry a flag. 

6. The simplex algori tbm starts N'1 th any feasible 
solution and computes the optimal feasible solu­
tion. Its operation may be monitored by allow­
ing iteration typeout as in the ease of the dual. 
algorithm. 

The discussion of' essential zero as applied to 
the dual algorithm in 5. above 1s equally valid 
for the simplex algorithm. In this case the test 
value is located in memory addresses 3264. and 
326,5. 

In the case of a tie in the quotient used as the 
criterion for choosing the variable to leave the 
basis on any iteration, the choice is resolved 
by using the largest denominator as a secondary 
criterion. 

7. The basis output routine searches out and com­
putes the information described in section c. 
above. Floating point quantities (with the ex­
ception of the funct5.onal) are converted to 
fixed point before being typed. 

8. The non-basis output routine searohes out and 
computes the 1n.fonnation described in section 
c. above. Floating point quantities are converted 
to fixed point before being typed. 

9:. The matrix punch routine resets the permanent 
instructions in lOvl memory to allow re-initiation 
of the input or ohange phases. Problem parameters 
and the final matrix are punched into paper tape 
if called ror by the setting of oonsole switch 
fou!'. 

E. Use or storage 

Memory locations from 00012 through 03919 are used 
by the program. Nemory from 0,3920 up to the re­
quired location is used for the matrix and its mani­
pulation. Locations 00000 through 00011 are avail­
able for the insertion of one instruction at a time 
through the typewriter. A halt instruction :tnposi~ 
t.ion 00012 ensures that only this ona instruct'ion 
will be exeouted. 

00012-0004? 
o OOlL8" 00 058 
00060-00064 

load routine 
case identification 
S address 

. , 0·, 

() 
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ooo65-no069 
Oo070-ooo71~ 
00075-00079 
00080-00099 
00100-004°0 
o Oil .. 0 2 -020 64· 
variable 
03758-03917 
03920-

1'1 and 2 
N 
M 
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product area 
arithmetic tables 
floating point subroutines 
programs 
input area (record mark in 03918) 
matrix 

F. Program Decks 

o 

o 

1. LOADER 

3 nre-load cards. 
Arithmetic tables. 
?lonting point routines. 
Data load routine. 
!JT.atrix data to be entered. 

2. COST CPillNGER 

2 nre-load cards. 
Arl thrnetic tables. 
Floating point routines. 
Cost changer routine. 
cost change data (if entered from cards). 

3 • RHS C:IA jyrG ER 

2 pre-load cards. 
Arithmetic tables. 
ploating point l~outines. 
Requirement change routine. 
Requirement change data (if entered from cards~ 

SOLUTION 

2 pre-load cards. 
Sh'adoH price calculation routine. 
page headings. 
2 pre-load cards. 
Dual e.lgol"Ji t;hl11 routine. 
2 pre-load cards. 
Simplex algorithm. 
2 pre-load cards. 
Final basis output routine. 
2 pre-load cards. 
Fix and print routine. 
Page hea.dj.ngs. 
2 pre-load cards. 
Non-basis output routine. 
pa.ge headings. 
2 Pre-load cards. 
Natrix punch routine. 



39'20 

; 

,\tlorlcing 
column 

~920+,'· 
tJ;:O(m+l) 
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G. storage of matrix in'memory 

S 

ID/el 

The matrix is stored in column sequence and uses 
memory from 3920 upward to the' extent required by 
the problem size. rrhe following diagram indicate,s 
the manner in which matrix elements are stored: 

S+lO(2m+3 ) ID/Cj S+10[(n+l ) (m+2 )-1] 

F\ln'ctional S410(2m+4> S+lo[<n~l) (m+2)] 
. 

S,+10 (m.,3) s+10(2m+5} s+l'O[(nt1) (m+2)4-1j 

Increasing j ... 
bi" 

S .. 10[< j+l) (m~2 >+1J aij: 

Ino ~easing 
i 

" 
S-tlOm S"10(2m+2) S+10(.3m+4) Sf-10[(nt2 ) tn ~2)-2J 

S is computed for each problem and 1s equal to 3920 
.. lO(m-t3). All addresses are field addresses. 

() 

r l 

c 



'YB ... '[ .... rr' - Wild' 
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01 III. SAHPLE PROBLEM 

A. Matrix 

Requirement 
Be.sis variables Non-basis va.riables vector 

"01 9992 0001 0002 9902 variable 
ID 

1 1 

1 1 

0 -10 1 

B. ¥Atrix in stora.ge 

'0000000000 

o '0000000000 

~901000000 ;"160000000 

9992010000 ;'.l.4000000?J 

c. Dlput 

2 X 3 
IIOO",0000301 
001001 

1. Fixed point 

1.t 
002i03 .1. 
~Ol 0~901000000 
~O~03~902000000 
(5'00 

2. Floating point 

2 X 3 

2 6 

-1 -1 -4 

1 0 cost 
I 

0001001000 ~002001000 9902000000 

~OOOOOOOOO ~OOOOOOOOO 0000000000 

5110000000 5120000000 '0000000000 

;110000000 5110000000 5110000000 

'0"02'0"01 1.* 
00 2lrO 0 
~4~~ 
~0~01~001001000 

!)o 2t5'O 2 
1.+ '. 
~0~02~002001000 

OO~000300 

.B.~Q~Qn0..oQR9920 1 oooooo.o.oo.a.oooooooonOOOOQbI J 60000non~J 1 <I nooo.rH'In~n~ I ~e 1 e~e"'~~n( Itll" Ie'll' 

NllnoononONl1000000000020010000000000000N12oooo00nNl10ooooonR902ooooonoooooonnd~ 
D.Di)Or') -=-(\-__ .-N~l QQOOoooooO~onn()nn()ggQQAn~H~nA9 " ". . .0~nnnnnrHHHH"I'"J~f'\f'\~." it Ie, '\*Inn. It It jtJtJfifHlt1Ht 

~----------------------;".,. 
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D. output 

1. Final rna trix punched o 
2 X 3 

0002.0000300 
R902000000 0001001 oooooooooooooN 160000000N21 onoono·ON 160000000()()n20{) 1. OOON11 O().f)f)()on 

N130000000N120000000R992010000N210000000NIIoooonoooooooooonOR9nloonooriNlloonnnoo 
NllononOOONll00000000000000000nn000000000nooooonnnoonnoQonnnnnnnnononoonnnnnnnnn 

2. Typewriter output 

CASE 2 X 3 

ITER NO FUNCTIONAL VAR OUT VAR IN 

~01 i992010000 ~002001000 
~02 130000000 901000000 g902000000 
~01 160000000 002001000 001001000 
FUNCTIONAL 

r40000000 

160000000 

VAR/COST ACTIVITY LIM VAR LOWER LIM LIM VAR UPPER LIM 

3902000000 10.0000 ~002 .3333- g992 10.0000 
001001000 6.0000 lJ002 .5000 000 9999.9000 

VAR/COST SHAD PRICE LIM VAR LOWER LIM LIM VAR UPPER LIM 

'~002001000 1.0000 lJooo 9999.9000- tyOOl 3.0000 
;992010000 10.0000 3902 10.0000- ~OOO 9999.9000 

901000000 1.0000 000 9999.9000- lJOOl 6.0000 

IV •. METHOD OF LOADING PROGRAM 

The nLOAD tI key cannot be used to load programs in this 
routine since the first 80 positionsc'of memory are not 
free. Therefore cards are read into locations 03838 
through 03917, with a record mark in 03918 being utilized 
to transfer up to six instructions to their place in 
memory. The first two instructions on each card con­
tainthe "transfer record" .instI'Uction and a branch to 
location 03826, which contains the read instruotion 
36 03838 00500. The first two cards of each routine 
pertor.m the function of setting ~ read instruction 
in 03826 and the record mark in 03918. The first card 
is read into 03826, and control is transferred there, 
using instructions 36'03826 00500 49 03826. This 

0 

must be 40ne by the operator aD the beginning of the 
"'LOADER" program, it is done automatically tor all 0 
follOwing routines. 

'COMPUTER 
TECHNOLOGY 



I 1LWtW:ji9il::lfW,WWiin'M.,.W""""¥f"!fi""U 

o 

o 

COST CHANGE.B..~ ----
~ ~ 

READ IN 
ARITH. 

If; 
RHS CHANGER 

----

-17-

MANUALLY 
CLElR 

MEMOR! 

--- -- --

GENERAL FLOW 
page 1 

FLOAT & 
STORE 

MATRIX 
··-T~ 

I -- -- RHS CHANGER 
-.; ~ 

Dm 
SHADOW PRIC 
PROGRAM 

READ IN 
. PAGE 

TYPE 
PAGE 

:HEADINGS 

READ IN 
DUAL ArGO. 
PROGRAM 

SHADOW PRICE 

READ IN 
ARITH. 
TABLES 

CHANGER 

---------------------.... 
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1U:A.D ·m 
SIMPLEX A O. 

SUBROUTINE 

READ IN 
PAGE 

TYPE 
BASIS 

OUTPUT 

READ ·IN 
ON-BASIS 0 P 
PROGRAM 

" READ IN 
PAGE 
HEADINGS 

// 
¥ 

COST CHANGER 

GENERAL FLOW 
Page 2 

....... 
....... 
~ 
RHS CHANGER 

o 

o 



o 

o 

o 

-19--

DATA LOADER 
page 1 

-am-:, 



----. 26.?6 
SET SIGN 
i MINUS 
L. ... __ ....... _ ..... ~ ..... _......J 

SET 
xp=50. 

_------.....,0 
SET 
i = 1 

-20-

2694 

SET SIG 
PLUS 

GITi~ : DEC PT ? S 
.............. 

. '~/ , 2774 
-1-=-i!i~~O rSHIFT:OUjr 

xpaEXP+ \ DEC. PT. i 
.. ".,~ .. ".- •• ,_.- l_, ____ _ 

DATA LOA.DER 
Page 2 

(
.~ 

. ! 
.# 

o 

o 



Ute .. rn" " .. " i5r¥HNWIi" "nli 

o 

~ 
'. ",/ 

o 
"..,. , 
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..... _ . ____ i.3.1 2 
} SLIDE 
iREAD-m 
! AREA 

3362 

DATA LOADER 
Page 3 

" '. 

~pg.l 
----------------------------------------~ 
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. HALT 
," /." ..... 

; '---.....,./ 
.. /- ~126 

C"\ AwITClt".,.,,-- -
NOI~ 2 ON, ? >_·-&ES. 

t '-_ /,- \ 

~D ID~C~~ '1~~-~/~~!~1 
I FROM CARD I TIP F~~M .~IL .. J 

e " 

t~~~· 

COST C.HANGER 
Page-l 

:d 

o 



c 

.0 

o 

1 • i 1 
1C = K-l 

,..---10.....-...1,"",2 

j • j 1 
K : K-l 

-2)-

2 62 

) 

STORE 
NEW 

COST 

g. 1 

COST CHArDER 
Page 2 

SET 
ADDRESS 

OF m 



/ 

_. 1.2., 

READ 
NEXT 
CODE 

SET' 
SIGN 
r.1INUS 

\ 

S~DOW 
PRICE 

lUIS CHAIIlER 
page 1 

2286 

SET 
EXP = 

$0 

READ b 
FROM 
CARD 

TYPE 
b 

10 

o. 

o 



tfr!!ii¥rirtYflW··'U .. ·· n W 1·]""1 PH""lf!M '" .. ·')"f!!"ft"n-""",,, tr·lm 

o 

.' ,2862 ,,"_ 

~ ~-....' r SET9~ 
; PROPER 
, SIGlT 

SET k-m 
; 1 = SET 1-1 

® 

SET 
i • 1 

RHS CHANGER 
Page 2 



SET kan 
SET j=l 

Pg. 1 

_---....,/..086 
j = j+1 
k .. k-l 

mrs CHANGER 
page 3 

112 

Pg. 1 

o 



o 

o 

o 

_~ ___ '""'\O 
SET 

ORK AR 
TO ZERO 

-27- SHADOW PRICE CALC. 
page 1 

SAVE k 



r . 

-28-
SHlDOW P RICE CALC,. 

page 2 



f!f Ulf'" PVW "!tt8'irllliWlibltt!!lWit",u "j" "r PU" ',nf""i "qWiN,Q 

-29- SHADOW PRICE CALC 
page 3 • 

C"'·': ,"", 

-------~ 

g. 2 

0 , 
,', 

o 



,-,--'~"""".-~.-.-"""-"--.-"'-.~" .. ,,-.. ,,.""""'."".,.'""',", ... ,,,.,,"" ""."""'"""'"'''-.~~-
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_ ........... f-=L.'~2 
j = j+1, 
x • %-1 

TYPE 
HEADINGS 

71 __ . __ .. QOD:&l~ " 

t 

" . DUAL 
AWORITHM 

SHADOW PRICE CALC~, 
Page 4 

I-------..:I>~~,' ,2,,752 UPg.3 

o 

o 



· Iii -t i' 

o 

o 

-.31-

, 2=.::;1:::0=:::IIII:-

\SET°bm1n • 0 
SET x •• 
~T 1 • 0 

I . 

" SIMPLEX 
AIGORITHM 

j • j+1 

DUAL AIDORITHM 
Page 1 



, '.'''--.'.''-''''''''''''''~."''-~ .. -'-.''.-'-"~-'-'.'-'-''-'---'''''''---'''-'~''.-'-'-''''''''''''.'''''''''''' .. """,,,,,,",.,, .. ,"~".,,~, .... -~~ 

(INCONSIS'l"ENT 
MATRIX) 

CALC. 

1/8.rk 

DUAL AIGORITBM 
Page 2 

TBmaz·R 
VE arj ADDR. 

() 

o 



.. '''fI"srr!f!l5v<' . ~ or't'fl"tlll"i 

o 

o 

1 • 1+1 
x = %-1 

SET j.iO] 
SET ylltl 
~--

. \arj~~rj/arkl 
I. 

j = 3+1 
'1 = ,.-1 

DUAL AUlORITHM 
page 3 
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1 • 1-1 
x = %-1 

~ ... ~~~--------~ Og·l, 

DUAL A.WORITHM 
page 4 

o 



0 1 

o 

.,r'" .... .", 

( 2542 ).-.. ~-.---.-~.--...p,j 
\, / 

..... ~... . ~ .. ' 

o 

-3$-

r-~JZ4·1 
L--COiE I 

I 

t 
BASIS 

OUTPUT 

SIMPLEX AlGORI'IIHM 
Page 1 



G~ 1 ~'42 )g. 6 4 

-' HALT) 
(UnBOUNDED) 

._-- ---~--'.~----.~--~--.- .. -

CALC • . 
l/ark 

SET 
ark- · .. 0 

-36- SIMPLiXA~Oli~HM 
:page- '2 

o 

o 



l,t¥1¥W!i!"T"f"rKr"'H fir'n""" 'MFfflfn'T"]W!I!!!'P" 

o 

0 

o 

-37-

. ~ . .................... 

SET &1k 
• 0 

1 = 1+1 
x = x-1 

SET 
ark • 1 

SET j-O 

SET y=n 

j = j+1 
"1 = ,.-1 

SIMPLEX AWORITHM 
page 3 

/ 



-38-.. 

1 = 1+1 
x • x-1 

rIYPE: ITERATION, 
F't.nTCTIOUAL, 
m/OOSTk 
ID/COSTr 

Pg. 1 

SIMPLEXAIDORITHM 
page 4 

o 

g. 1 

o 



WC"'BHf,rr"3"[""' HwdH 'J%"'H'U"Pf!t"WiIi"WU 

o 

o 

-39- FINAL BASIS OUTPUT 
Page 1 

.. 



READ 
NEXT 
CODE 

, 

+ 

'TYPE ID/C! 

V33~~ 

CALC. &: TYPE 
OWER LIMIT 
c- (LOWER) 

CALC •. & TIP 
tIPPER LIMIT 
'. C-(UPPER) 

_---+_~o 
1 = 1-1 
x :: x-l 

NON-BASIS 
OUTPUT 

FID.LBlSIS, OD'.TPU'l' 
, ... 2 

o 

o 



" WTT"![l!!"'MtJ 

o 

o 

o 

'IX SUBROtJTDE 
paS. 1 



'PIX SUBKQU'1'DI 
Page :2 

o 

o 

o 



·W'nuflr ... 

o 

o 

o 

UPPER-CO 
If LOWlll-­
am 1-1 
SET XIIJIl 

NOB-BASIS OUTPUT 
Pase 1 



.. ~ .. _ ... _ . ..,. ___ ._. __ ~_ ..... __ ....... " .... _" .. _. __ ._ ...................... " .. ""."'.",,."","~."."_, .. w.~~_ . ____ . ____ _ 
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'fiPE 
OWER m 

TYPE 
LOWER 
LIMIT 

TYPE 
UPPER 

3 • 3+1 
"1 • "1-1 

410 

NON-BASISOUTPtJ'T 
Page 2 

o 

e 'z.: 0'1 

rJn24 I 
g. 1 

! BEEr 
I CODE I 

------------~- -- ~----

I 
I 
I , 

MATRIX 
PUNCH 

o 



o 

o 

o 

( HA~~:) 
t 
r-- REA~l l __ ;;i,\ . 

/ I '~ 
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;;r I RHS 
LOADER 7 CHANGER 

COST 
CHANGER 

MATRIX PUNCH 
page 1 



o 



o 

PRE-LOAD" 
CARDS. 

ARITHMETIC: 
TABLES 

: F'LOATIm 
POINT 
ROUTINES 

o o 

360383800500 
15039180000Z4903826 
~1.00.Ql.a~§a749.QJB.26- .. _ .. _ ... _ ...... ~--- ~.-... ~.--- ... ' --.... 48000000969636~3826e63'e~4 .. e3e~e'-
3100100038584903826 000000000000102030400020406080003060902100408021610050015102 

'- .:l!'Q.Q I. 9_Q93.f35~49Q;3e..z9. OOo.OZl.B14200.7041 J 2 8 200Bo-ol4.22300909172fi30000000000S06076BEfge 
: 3100220038584903826 012141618151811242720242822363520353045403632484455324946536 
~.~_LQ.Q.?~QQ~~;>.~~~.o.~.~?..Q_.o..~.~~.t465464;; 75445..36271 dO 1 £: '~4567891 234567agg234§e78~O.Jd4 §67890JI( 

3100340038584903826 4567890~KL567890~KLM67890JKLMN7890JKLMN0890JKLMNOP90~KLMNOPQ 
. 31004020385849Q3826 16005360053849004340J60053600558260'197000002601) '209 4451601 

3100462038584903826 1 24 000001101124000014600494014004901128004692601176000002601 
3100522038584903826 187018274900000022011860117649005700260118601176150084700001 

~058203~584903826 160085701187260i0920118922011780118947Q070201100260117601197 .' 
3100642036584903826 260119701186260118601176210)09201189260117801189320117800000 .' 
3100702038584903826'-1501-19800000140 11780000Q470 1 09401300440077401197320119800000 "1. 
3160762038584~Q..382·e?_ 3~Ql 1970000021008570117844008220118633011 8600000150084700002' ':/1 
3100822038584903826 15011780000015011890000Q210119800000250109301198330119800000 
31 00882038584903826 430.-9.~860 1 18943010340 1 19046009660120031 Q119001191250 119800557... 
3100942038584903826 120109200001460089401300260119701826490110602601 1980J 1 973301 
31 0 1 0020~~.~~4~0~~..?t?) ?QQ.9QQ.9 Ll 0 1 O~gQ.Q.QQ !.~.~Q_Ug§..o 1400 1501 1890M.ODJJJU_198000054300 
3101062038584903826 986011894401094010933201197000002601189010922600000011974900 
3101122038?84903826 000048260115100469260051700000490050600000000000000000000000 
3101182039004903826 * ' * OOOOOOOOOOOOOOOOOZ 
31 0 1200038584903~2~ __ !....~q95360 1256150 1 ?53000_Q.~!' 6<;>1.112000993201 19000000490045804301 
3101260038584903826 2760119Q490096604301290011~482201189011682S0132501176330117 
3101320038584903826 600000150116800000160 1347'OOOOQ 11 0134700001 ~1760 1176430 139 

:-310 i 380038584903826 401 -168490 1350016'014410 1 e31~50 14280 116911 014410 *0023011 75000 
3101440038584903826 002601477014411201477000042601166000002201166000933201162noO 
3101500038584903826 002301176011652601186019372201186000963201178000002301186011 
310! 56003_~_~~~0~~g.Q..~~~~J)_Q...Q82Q.Q.O_Q.Q t~QQQ8J_QQ.Q.{bl2.J..o00900 1186260 1 18600090230 J 18601 1 
3101620038584903826 652100095000951201347000014701622012002601186000944401694013 
3101680038584903826 25320118600Q0023011~6Q11971101189000N025010930009926OJ092011 
3101740038584903826 892601198000924601774013004900966047008820140049011260000000 
31 0.1800038.584903826 ... Q.9JlQ..000000QOOOOOOOOOQOOOOOQOJ20692R080J74077PS66J60 12604'05,14 
3101860038584903826 8~49N490~38013M759~29099MI64~21267L674j14332L266~08147K922jO 

h_ •• ~J_<l.~_~~q~~.~5~490~~2~?~~]_~3Q~J~ . .oOOOQQO0160053601970 150 175300003490 12240430 19900 I 1 
3101980038584903826 904900966043020100116949009660320116900000120116BQOONI230119 
31 02q4003893~9_Q~8?9 _. . ... . . . if: ' 7.0117621 01169011t)84190.17.l.lL-

I 

~ 
I 

~ 
~ 

~ 
m 



o 

.. ~-----'. - -

3102114.038584903826 4800000000003703759005002503769004003100048037583603~3800500 
3i02174038584903826 21021960384116QQ06~..Q395Q26Q001903842Jl03B42000K0260006903842 
3102234038584903826 260007403847430232603848210228800064360383800500310000103838 

.. 3102294038584903826 1 102288000004 702270Q_Q290~2QJJQJ_.?0~_Q~~~~-.O.o~_OO 1403645000004603 
~--3102354·oj805849-03-826--1740 120-023036480006921 00099000693300099000.002100098036452100 

31 024140385
0
84903826 09800063330364600000320009500Q00260~ 16Q_QJ:LO_99440249Q036482602 

r 31 02~ 7403ffs8490 3826125 o 36584903i 540440251 00364549024700490341800.000 1403759000PO 
3102534038584903826 460264601'300 1403759000K0A6026260 12004302646n3_759330260500000 
3102594038584903826 320376000000310375803760490265803202605000004902594033026050 0 

31026?4038584903826 0000 1602J~ZOO_Q~IJ'-1.~O~7_~ 2037?9Lf?Q2700Q3760320000000000 14000000 
3102714038584903826 00034602774 0120011027120000211027000000211021170000149026940 
31 027!40385849038~6 2?_q.~.E3.?}_q~?'99_2_6Q?_~.I_~0~1..~~J.~g~~.1.EQO~Q I~J 0.QOOO.00000430292603759 
3102834038584903826 310375803760120211700001450282203759490330200000POOOOO000000 
3102894038584903826 000000000000000000000000000000001602657000n91602985037591603 

-- 31 029540:38584903826 000 02TlaT6-Ci3 0 OS"O 37594-5"02994-000-004903062025n 1')0000000011029850 
3103014038584903826 000211030000000111030050000212026570000149029740260310403000 

- -31 03074(Y3B5849Q3826 1 ~626-570 6·00 1-4603 i30012o 0 l-so(io 000-6-60 61 -'-63 i 0-4600(,-.-490307404403 
; 3103134038584903826 154026053202125000002600000021254903302026.032520006412032520 
.-_ ~ 1 003194038~4903,~26 . 00J9230006900'673~f200-0950000d21 000990006921 000990006932000000 ~j 

31032540-38704903826 0000 11 0325~OOOJO 1200099000J04 7032460120049000120 
-~il0330-20;85B4903826 310;'\7580379831 0379 80 3 8 383i o3e3aoia7a3i()ia7Aoi91li~lg36<1~g3i6aO 

3103362038584903826 450339403643160251603418490232601602516034544902338000003103 
. 310342?0386649Q3826 758035C03103A38C35C037C3759CC5g032gl75S00gg04gg2~aa9 

3103500038584903826 ------------------------------------------------------7-----
__ 3Ul.3560038974903626 _ . . ___ u ___ .__ _ it" . . .. _____ ._._ .. _._. __ - ____ 0··_·· - ___ _ __ --_a_ft_ ---Z 

2503723004004902126 

{) o 

J=-
-.I • 

~ 
~ 

~ 
ti 



o 

FLOATING 
POINT " 
ROUTINES 

--: .. ~ .. - ... - . .,...... 
COST~ ;'.i~: ,,' I. 

, OHAWOER 
, RbUTINE 

3'o638JB~fO'50d 

15039180000Z4903826 

0, '-0 
31 O~ 1 (')(')03858490:3826 CoorH11"H100 nn" 1 h2f"\304()nn2n4n6n8rin03(')609n21nri4nl~o216ro-o50n~[5rOZI 
3100160038584903826, 0060218142f"107(,)411282nn806142230090817263noon0000005060708090 
31. 00220038584903826 01214161815 i 81 12427 2024282236'3S!?63sjo454036324844-S5324946536 

i 3100280038584903826 0~84654627544536271~OI~34567891234567890234567890J34567890JK 
13i'0034oo'38.c384'g 6:fs2-(; .. 4'56 789 0 JKL 56 7SQO JI<:Lfvl6 7890 JKLMN =, 890 JKLMN089 0 JKLMN~90JK[MNOPQ 

31004(')2038584903826 16005360053849n043401600536n055826n11970nooo2601112004451601 
-- 31 0 jj 462 0 3858490 38-2 6-~ i'24-b 0 6 b-6 'li-a f124-66 0'61-4'600 494 n 1-4 -6 0-4961 1 280046926011 7600600260 1 

3100522038584903826 187018274900000022011860117649005700260118601176150084700001 
3100582038584903826--1 6068570 1-1872-6cYf6-si2CfI 189"2201"1 7801 1894 7007020 II 0026or1760 1197 
3100642038584903826 26011970118626011860117621010920118926011780118932011~800000 

---310076203858490382-6'-1'501 1980Cj'(500 r4cnT780000Q470To~ 13004400774('11197320119800000 
3100762038584903826 330119700000210085701178440082201186330118600000150084700002 
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I. PROGRAM DESCRIPTION 

This program solves linear programming problems with 
output of detailed results. That is, given coeffi­
oients ai1' cost coefficients OJ, and requirements 
bi, dete~e Xj suoh that 

~ ai jX j • bi wi th x j ~ 0 
J 

and 

[. c jx j = maximum 
J 

computations are performed by the DUal Algorithm until 
a feasible solution is obtained. control is then given 
to the simplex Algorithm for optimization. cost changes 
and requirement ohanges can be made after loading 
original matrix or after solving original matrix. 

&. Machine requirements 

1. Basic 1620 with card input and output. 

2. Any size storage can be used. The larger the 
storage, the larger the problem that can be 
solved. The size of the problem is restricted 
by the following relationship: 

(m + 2) (n + 3) 4 memory - 3920 
- 100 

where;m is the number of restrictions 
n is the number of non-basis independent 

variables 
memory is 20,000, 40,000, or 60,000 

3. Source language: actual machine language 

4. 

5. 
6. 

7. 

8. 

subrou tine s: 
wi th program. 

Inpu t media: 

OUtput media: 

floating point gubroutines supplied 
no other subroutines needed. 

card reader and console typewriter~ 

card punch and console typewriter. 

RUnning time: The precise time required per 
iteration depends on the size and density of 
the matrix. As an approximation, a problem 
with 30. equations and 40 non-basis variables 
requires about 20 seconds per iteration. 

Decimal accuracy: All computations are performed 
in 2-and-8 floating point form. Matrix input 
can be either fixed point or floating point. 
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Error .topa 

1. All atapa mo.,. be recognised b,. d1spla11ng 
IR-l in MAR. MAR will contain· the addl"esa 
ot . the halt ·instrtlction plus 12.' 

Hal t 1Dstl'". 

01126 . 
01288 

00012 
024S8 

00012 
03110 

00012 
025~ 
026~ 
028)8 

~ 
Float1ng point ove1'1'lolf 
Floating point attempted division b,. sel'O 
Loader - read,. for next code 
cost changer - Change entel"ed tor 

. a non-existent identi:tication 
. number 
cost changer - read,. for next code 
RHS changer - change entered :tor 
a non-existent identification 
number 
RHS changer - read,. for next code 
DUal algorithm - inconsistent matr1x 
Simplex algorithm - unbounded solution 
Matrix punch - l"eady fornen code 

2. Er1'Or procedure 

.~ 

a. coat. changer (02458). ElTOneoua :!.dentification 
number is tho last one tJped. 

tt data are being entered through the type­
writer, depress RESET and INSERT. 
'.l'ype 49 02126. . " 
Depress RELEASE and START. 
corrected or new change data may now be 
entered normally. 

If data are being entered t'rom" cal'ds,tho 
erroneous datum may be i~ored by following 
the same steps as above (for entl"J through 
typewri ter). . . 
tt it is desired to enter the change correctl,. 
through the typewriter, the tollowing steps 
JllU.st be taken: 
set console switch two on. 
Depress RESET and INSERT. 
TYPe 49 02126. 
DePress RELEASE and START. 
Enter correct datum through typewriter 
(c0llP1ete with record.· ark). 
Depress RELEASE and START. 
~4hen typewriter is again selected, depress 
RESET. 
Set console stdtch two ott. 

c 
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Depress INSERT, RELEASE, and STAR,]!. 
processing will now continue normally, 
reading data from cards. 

RHS dhanger (03110): EI'roneous identification 
number is the last one typed. 

It' data are being entered through the t1Pe­
writer, depress RESET and INSERT. 
me 49 02126. 
Depress RELEASE and START. 
corrected or new change data mo.,. now be 
IIDtered normal1,. • 

If' data are being entered from caros, the 
erroneous data may be ignored by fo11ew1Dg 
the same steps as above (for entry through 
typewriter). . 
If' it is desired to enter the change correct1,. 
through the typewriter, the following steps 
must be taken: 
set console switch three on. 
Depress RESET and INSERT. 
'me 49 02126. 
Depress RELEASE and START. 
Enter correct identif'ication number (4 digits 
plus recoro mark) through typewriter. 
Depre ss RELEASE and START. 
Enter requirement change (including record 
mark) through typewriter. 
Depress RELEASE and START. 
~en typewriter is again selected, depress 
RESET. 
set console switch three off. 
Depress INSERT, RELEASE, and START. 
Processing will now continue normally, reading 
data from cards. 

c. Dtlal algorithm (02534): :D!D obtain solution 
existing at the time of discovery of' inconsis­
tency: 
RWn out cards from reader. 
Replace cards in reader hopper starting with 
Final Ba,sis au tpu t program. 
Depress READER START. 
Depress RESET and INSERT. 
me 49 00024. 
Depress RELEASE and START. 

d. SimPlex Algorithm (02654): TO obtain solution 
existing at the time of' discovery of' unbounded 
solution: 

') 
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Depress RESET and INSERT. 
TYPe 49 00024. 
Depress RELEASE and START. 

OVerflow-undertlow: Overtlow causes a 
stop at 01126 or 01288. Under~low causes 
the result to be set to zero, and process­
ing continues. Either condition indicates 
.i~r machine malfunction or unreasonable 
data. 

f. ~y other error: unrecoverable. 
Restart problem. 

THE PROGRAM 

Operation Instructions 

1. set typewriter margins at 12 and 92; tabs at 
24, 3b~ 48, 60, and 69. 

2. It is important to note that no more than one 
instruction at a time may be inserted at any 
time after the initiation of the Loader routine. 

3. To load initial data: 

a. Ready the LOADER deck in the card reader 
(including matrix input data). Depress 
READER STAR'!'. 

b. Depress RESET and INSERT. 

c. TYPe 16 00010 00000. 

d. Depress RELEASE and START. 
This initiates memory clear routine. 

e. After at least one second, depress INSTANT 
STOP, RESET, and INSERT. 

f. TYPe 36 03826 00500 
49 03826 

g. Depress RELEASE and START. 

h. Program deck loads, data are loaded, and a 
halt at location 00012 is executed. Opera­
tion may nOli proceed to the COST CHANGER, 
RHS CHANGER, or SOLUTION programs. 

o 
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TO effect cost changes: 

a. 

b. 

Ready the COST CHANGER deck in the card 
reader (including data change cards if 
changes will be made from cards). Depress 
READER START. 

set console switch two off if cost changes 
will be entered from cara-reader; switch 
two on if data will be entered through the 
typewriter. 

c. ~epress START. 

d. 

e. 

If data are entered through the typewriter, 
RELEASE and START must be depressed after 
each entry. (Don't forget the record mark 
to terminate each entry.) 

After all data are entered a halt at location 
00012 is executed. Operation may now proceed 
to the RHS CHANGER or SOLUTION programs. 

TO effect requirement changes: 

a. 

b. 

c. 

d. 

e. 

Ready the RHS CHANGER deck in the card 
reader (including data change cards if 
changes will be made from cards). Depress 
READER START. 

set console switch three 2!! if requirement 
changes will be entered from card reade~; 
gwitch three on if data will be entered 
through the typewrite~. 

Depress STAR'!'. 

If data are eli-tered through the typewriter, 
RELEASE and START must be depressed after 
the entry of each identification and each 
change. (Don't forget the record mark 
to terminate each entry.) 

After all daca are entered a bE.lt at location 
00012 is executed. Operation may now proceed 
to the COST CHAHGER or SOLUTION programs. 

6. To solve and obtain output: 

a. 

b. 

Ready SOLVER deck in the card reader. 
Depress READER START. 

set console switch one on to type iterations, 
off to omit iteration typeout. 

.1 
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set console switch rour on to obtain punCh­
out or rlnal matrix" orr-:eo suppress punch-
ing. --

Depress START. 

After all output is complete" a halt at 
location 02838 will be executed. Operation 
may now proceed to the LOADER, COST CHANGER, 
or RES CHANGER programs. 

Data Preparation 

1. The first card to be entered is a case identification 
card. A rive digit alphabetic identrrica£lon 
is punched in columns 1 through 5. columns 6 

2. 

3. 

4. 

through 80 are blank. 

The second card speciries the size of the problem 
being entered. It is punched as ro11ows: 

Information card columns 

o (zero with a minus sign) 
number or equations (3 digits) 
Q (zero) 
o (zero with a minus sign) 
number of non-basis variables (3 dig.) 
o (zero) 
inout code 
a.- 1 for row-column, rixed point 

input 
b. 0 for a complete r10ating point 

matrix 

columns 12 through 80 are blank. 

1 
2 - 4 
~ 
1 - 9 

10 
11 

The matrix can be entered in one of two forms: 
floating point (the entire matrix is entered, 
column by column, exactly as it is to be stored, 
including zero entries) or fixed point (entries 
can be in any order" aacompanied by their res­
pective row-column designations" and zero ele­
ments need not be entered). 

For floating point entry" eight elements are 
punched on each card, with a minus sign over 
the first position of each ten position field, 
and a minus sign over the last position of 
negative fields (units position). There are ten 
positions per field" with the first two positions 
specifying placement of the decimal point (50 
designates a decimal point to the left of the 

o o 
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first non-zero digit; 51 designates one non­
zero digit to the left of the decimal; 49 desig­
nates that the first non-zero digit is in the 
hundredths position, etc.) and the last eight 
digits (with no leading zeroes) giving the 
element itself. A zero element is specified 
by ten zeroes, with a minus sign over the first. 

The elements must be pUnched in column order, 
starting with the first basis cost. See the 
matrix layout included with this writeup to 
know hOlfr the elements are stored in the matrix. 

5. Fixed point matrix elements are entered four 
to a card. 

THO types of cards are necessary for ma.trix 
elements: 

a. Row-column cards designate where the elements 
will be stored in the matrix. Row-column 
designations are punched in columns 1-6 
21-26,41-46, and-61-66 in the form RRR~CC 
(a minus sign accompanies the first digit~ 
of each row and column designation). The 
column designation specifies column number 
considering only non-basis vectors. The 
requirement ~ariables have only a row desig­
nation, and 000 should be entered for their 
column. 

b. Matrix element cards contain fixed-point 
entries including optional leading sign, 
up to eight numeric digits, and mandatory 
decimal point. Each entry must be terminated 
by a record mark (0-2-8 punch). The four 
elements are punched beginning in columns 
1, 21, 1+1, and 61 for each card. 

Elements may be entered in any order, but corres­
ponding row-column designations and matrix 
entries must be in the same positions of suc­
cessive cards (row-column card preceding). 

,~a~ing of zero e~e~ents i~ ?pti?na1 

If any card contains fewer than four elements, 
the first blank field (column 21, 41, or 61) 
of the rOli-column card must be punched with a 
record mark (0-2-8 punch). 

o 
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~ Description Row-column 

aij matrix element of the ith row ~~ 
and jth non-basis vector xxxxxx 

~ 
bi element in the ith row or r--\-, 

the requirement vector xxxn'OO 

Fixed point cost entries are also four per card, 
but the row-column designation is on the same 
card as the cost. 

Entries consist of a six digit row-column desig­
nation rollowed by a ten digit ID/cost, where 
the ID is a four digit numerical designation 
to identify the cost variable, and cost is a 
six digit fixed point entry with the decimal 
after the third digit. 

~ Description 

ci 

Cj 

cost per unit of basis 
variable for row i 

cost per unit of jth 
non-basis vector 

Row-column 
; I'D msr 
~ ~~ 

xxxU'oIixxxxxxxxx 
..; r:> CbS-r­
.-'--,~~ 

oOlXxxi'xxxxxxxxx 

Negative cost is signified by a minus sign over 
the units position of the cost field. 

If any card contains fewer than four elements, 
the first blank field (column 21, 41, or 61) 
of that card must be punched with a record mark 
(0-2-8 punch). 

7. The_last data entry for fixed point mode must 
be 000 to terminate the loading operation. This 
can be punched in columns 1-3 of a new card, 
or in 21-23, 41-43, or 61-63 or the last row­
column or cost entry card. 

8 •. Entry of co~t c~nges: 

Data for the COST CHANGER routine can be entered 
either from cards or from the typewriter. If 
entered from cards, one entry is punched in 
each card, in columns 1-10. The entry consists 
of the four digit ID and six digit cost figure, 
with a minus sign over the first digit of 'the , 
cost (column 5) and over the last digit of negative 
costs (column 10). Fbllow1ng the last cost 
change card must be a cn.rd punched with four zeroes 
(columns 1-4.) to terminate the operation. 

o 
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If entered from the typewriter, the format is 
the same as from cards: four digit ID and six 
digit cost figure with flag over the first digit 
of all cost figures, and over the units position 
of negative costs. The last entry must be four 
ieroes to terminate the operation. 

9. Entry or requirement changes: 

There are two entries for each requirement change: 
the identification and the C~St in the value 
of that requirement element. _0 e that the 
new requirement element is not entered, but 
rather the difrerence between the old and new 
requirement elements. If changes are entered 
from cards, the identification and change are 
entered on separate cards, one per card. 

The identification is entered first, and con­
sists or the ID associated with the cost element 
for that row. Thus, to change bi • b3, use the 
ID associated with ci = c~. No flags or ~cord 
marks are needed in entering the ID either 
from cards or typewriter. It is punched in 
columns 1-4 or card entries, .-li th 5-80 blank • 

After entering the ID, its associated requirement 
change is entered (by typewriter or on a separate 
card). The entry starts in column 1, if a 
card is being used, and consists of optional 
leading sign, up to eight numeric digits, and 
mandatory decimal point. It must be terminated 
by a record mark, whether it is entered from 
cards or from the typewriter. 

The last entry must be four zeroes to terminate 
the operation. 

Interpretation of Results 

1. cost changes or requirement changes are typed 
if the input is from cards. If input is through 
the typewriter, the input operation itsel~ 
produces a log of the changes made. 

2. DUal Algorithm and simplex Algorithm: 

Results of iterations are typed only ir console 
switch one is on. If it is desired to monitor 
the course of the solution onlh occasionally, 
this may be done by setting switch one on and 
off periodically. The following points should 
be borne in mind: 



a. 

b. 
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Page headings for iteration output are 
typed only if switch one is on at the be­
ginning of the solution. 
The iteration count is reset when the du~l 
algorithm is finished and control passes 
to the simplex algorithm. 

~e information which may be typed includes 
the iteration count, the current value of the 
profit function (floating point), the last 
variable to leave the basis, and the variable 
which entered the basis. 

3. Final Basis output: 

The final value of the profit function is given 
in floating point. 

For each final basis variable, the following 
information is supplied (in fixed point): 

a. Identification/cost coefficient. 

b. Activity. 

c. The limits of the cost coefficient over 
which the current solution is optimal. 

d. The variable s which limi t the range of the 
cost coefficient and will enter the basis 
if a limit is exceeded. 

4. Final Non-Basis output: 

For each non-basis variable, the following 
information is given (in fixed point): 

a. Identification/cost coefficient. 

b. Shadow price - the penalty to the total 
system if a unit of this variable is forced 
into the final solution. 

c. ~e limits of activity over which the shadow 
price applies. 

d. The variables which limit the range of 
applicability of the shadow price. The 
upper limiting variable is the one which 
would leave the basis if the associated 
non-b~sis variable were forced into the 
solution. 

() 0 

5. 
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A punchout of the complete final matrix is op­
tional under control of console switch four. 
The cards punched also contain all necessary 
supplementary information and are in a format 
which is suitable for direct re-loading by 
the LOADER routine'. 

D. FUnctions of Individual sub-programs 

1. ~e data load routine reads and stores parameters 
for the problem. It then proceeds to load and 
store the matrix in the proper format. In the 
case of fixed point input, storage locations 
are computed from the rOW/COlumn designations, 
and the input elements are converted to floating 
point notation as they are read and store_d. 

2. The cost change routine reads ID/cost elements, 
searches the matrix for a corresponding iden­
tification number, and stores the new cost 
coefficient in the proper location. 

3. ~e requirement change routine reads variable 
identification numbers and changes for the 
associated requirement element. The change is 
converted to floating point notations, the 
matrix is searched for the identification n~­
ber, and the requirement vector is updated. 

4. The shadow price calculator converts all cost 
coefficients to floating point notation and 
evaluates Zj-Cj for each non-basis variable. 

~. The dual algorithm computes a feasible solution 
for the problem. Its operation may be monitored 
allowing the typing of the value of the functional 
and the identifications of the variables that 
enter into and are removed from the basis. It 
should be note~ in this regard that the objectives 
of feasibility and optimality may not be compati­
ble at this point, and therefore the functional 
may actually decrease from one iteration to the 
next while the dual algorithm is in control. 

DUring the reduction of the matrix of coefficients 
a test is made to determine whether the resulting 
quantity has a magnitude less than an amount 
callAd "essential zero." Any element falling 
into this category is set to zero in order to 
avoid computation with numbers which are actually 
not sisntficant. "Essential zero" has been set 
to 10-. Its value (the corresponding floating 
pOint exponent) is located in memory addresses 

0" 
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3144 and 3145 and may be changed if desired. It 
th1s change is made, it is 1mportant to note 
that the high order digit must carry a flag. 

The simplex algorithm starts with any feasible 
solution and computes the optimal feasible solu­
tion. Its operation may be monitored by allow­
ing iteration typeout as in the case of the dual 
algorithm. 

~ discussion of essential zero as applied to 
the dual algorithm in 5. above is equally valid 
for the simplex algorithm. In th1s case the test 
value is located in memory addresses 3264 and 
3265. 

In the case of a tie in the quotient used as the 
criterion for choosing the variable to leave the 
basis on any iteration, the choice is resolved 
by using the largest denominator as a secondarJ 
criterion. 

The basis output routine searches out and com­
putes the information described in section C. 
above. Floating point quantities (with the ex­
ception of the functional) are converted to 
fixed point before being typed. 

The non-basis output routine searches out and 
computes the information described in section 
e. above. Floating point quantities are converted 
to fixed point before being typed. 

The matrix punch routine resets the permanent 
instructions in low memory to allow re-initiation 
of the input or change phases. Problem parameters 
and the final matrix are punched into paper tape 
if called for by the setting of console switch 
four. 

Use of storage 

Memory locations from 00012 through 03919 are used 
by the program. Memory from 03920 up to the re­
quired location is used for the matrix and its mani­
pulation. Locations 00000 through 00011 are avail­
able for the insertion of one instruction at a time 
through the typewriter. A halt instruction in posi~ 
tion 00012 ensures that only this one instruction ' 
will be executed. 

00012-0004? 
00ou.8-00058 
00060-00064 

load routine 
case identification 
S address 

o 
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00065-00069 
00070-000'74 
00075-00079 
00080-00099 
00100-00400 
00402-02064 
variable 

M and 2 
N 
M 
product area 
arithmetic tables 
floating point subroutines 
programs 

03758-03917 
03920-

input area (record mark in 03918) 
matrix 

F. Program Decks 

1. LOADER 

3 pre-load cards. 
Arithmetic tables. 
~oating point routines. 
Data load routine. 
~Atrix data to be entered. 

2. COST CF...ANJER 

3. 

2 Dre-load cards. 
Arithmetic tables. 
Floating point routines. 
Cost changer routine. 
cost change data (if entered from cards). 

RHS CRANGER 

2 pre-load cards. 
Arithmetic tables. 
Floating point routines. 
Requirement change routine. 

o 

Requirement change data (if entered from cards~ 

4. SOLUTION 

2 pre-load cards. 
Shadol-1 price calculation routine. 
Page headings. 
2 pre-load cards. 
DUal algorithm routine. 
2 pre-load cards. 
Simplex algorithm. 
2 pre-load cards. 
Final basis output routine. 
2 pre-load cards. 
Fix and print routine. 
Page headings. 
2 pre-load cards. 
Non-basis output routine. 
Page headings. 
2 Pre-load cards. 
Natrix punch routine. 



3920 

Working 
column 

~920+ 
10 (mtl ) 
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G. storage of matrix in memory 

S 

_. 

ID/Ci 

The matrix is stored in column sequence and uses 
memory from 3920 upward to the extent required by 
the problem size. The following diagram indicates 
the manner in which matrix elements are stored: 

S .. 10(2m+3) ID/Cj S+lO[(n+l) (mt2 )-iJ 

J:i\Ulctiona1 S+10(2m+4) S+10 [<n+l ) (m+2 U 

SHO(m.,3) S.f.l0(2m+5) S+10 [(nt1) (m+2 )+1] 

Increasing j • 
bi 

s.no[ (HI) (m+2 Hi] t aij' 

Inc ~asing 

S·tlOm s.f.lO(2m+2 ) s+10(3m+4) SHo[<nt2 ) tn 1-2 )-2] 

S is computed for each problem and is equal to 3920 + 10(mf3). All addresses are field addresses. 

o 
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III. SAHPLE PROBLEM 

A. Matrix 

Basis variables Non-basis variables 
Requirement 
vector 

'901 9992 0001 0002 9902 variable 
ID 

I 1 

1 1 

0 -10 1 

B. Matrix in storage 

0'000000000 

'0000000000 

~901000000 ;160000000 

~99201000~ ;'i4000000~ 

C. Input 

1. Fixed point 
.aX3 
QOO.a0~00301 
001001 
l·t 
o 02j,0 3 
ill. 
~Ol 0~901000000 
~O~03~902000000 
C;OO 

~Ol~02 
2.* 
~OltrOO 
6.* 
~02trO~~ Q1000~ 

2. Floating point 

2 X 3 
00020000300 

2 6 

-1 -1 -4 

1 0 cost 

~001001000 ~002001000 9902000000 

~OOOOOOOOO ~OOOOOOOOO ~000000000 

5110000000 5120000000 0000000000 

;110000000 5110000000 5110000000 

tr02~Ol 1.* 
~o~oo 
~. 
~O Ol~001001000 

tr02tr02 
1.+ ... 
trO~02~002001000 

. 
B.90 1 OODEKlQR9920 1 oooooooooooooooooonO O QoOIl116QQQO"OA'I11" Aege.AI"IA""I"I~ Il"Jel eeeel"Jn"l"hli" iClil 
NllnOOOOOONll000000000020010000000000000N12oooo00nNllOOOOOOOR9020000000oooooond~ 

llO..D!tO 'On N] 1 aoonOOQooonnnOOQOOC'g9nQgOOQnc9e:tAAer=t(qAPlFJA~ 1Dtt=Jf) j ("" IT ill 'C; 'd(JdOi hHj(fihlfi(fh\.. 

o ~ 
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D. output 

1. Final matrix punched 

.Ii9.02Qo!l..C'~Cll..OD.oooooOQQQOON.L6000000Qt:"'21 OQ o OQ9Q""6gggg9j:)9QQA?99 199
9

"'llsRfHH'I96 ~1300nOOOON120000000R992010000N210000000NIIOOOOOOOOOOOOOOOOOR901000000NI10000~OO 
"fu.a.ooOaOQNl.lDDO.OQ.oOQOOQOOOooo('oonooooooOClOQCOOOOoooooooonnnnnnno.o.n.Q.G.(){)Q.C)non~ 

2. TyPewriter output 

CASE 2 X 3 

ITER NO FUNCTIONAL VAR OUT VAR IN 

lJol 199201000~ ~002001000 
D02 130000000 901000000 g902000000 
~01 160000000 002001000 001001000 
FUNCTIONAL 

r40000000 
160000000 

VAR!COST ACT IV ITY LIM VAR LOWER LIM LIM VAR UPPER LIM 

g902000000 10.0000 ~002 .3333- g992 10.0000 
001001000 6.0000 ~002 .5000 000 9999.9000 

VAR!COST SHAD PRICE LIM VAR LOWER LIM LIM VAR UPPER LIM 

1002001000 1 .. 0000 UOOO 9999.9000- ~001 3.0000. 
9920iooo~ 10.0000 6902 10.0000- ~OOO 9999.9000 
901000000 1 .. 0000 000 9999.9000- ~001 6.0000 

IV. HETHOD OF LOA'JING PROGRAM 

The "LOAD II key cannot be used to load nrograms in this 
routine since the first 80 positions' of memory are not 
free. Therefore cards are read into locations 03838 
through 03917, with a record mark in 03918 being utilized 
to transfer up to six instructions to their place in 
memory. The first two instructions on each card con­
tain the "transfer record"lnstruction and a branch to 
location 03826, which contains the read instruction 
36 03838 00500. The first two cards of each routine 
perform the function of setting th8 read instruction 
in 03826 and the record mark in 03918. The first card 
is read into 03826, and control is transferred there, 
using instructions 36 03826 00500 49 03826. This 
must be done by the operator a~ the beginning of the 
"LOADER" program, it is done automatically for all 
following routines. 

o 

COST CHANGE.B.-

r~J 
@:AD IN ! 

IIff~M~~J;1· 

r~~~'1~~ 
P.RQQ~_--.J 

RHS CHAN& 

---
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SOfTION 

~O~PRICb 
lPJlQC!.RAM _J 

GEHERAL FLOW 
page 1 

o 

-- -. - RHS CHANGER 
-~ 

[~J.~~-J 
TABLES . 

T---
-J!--

FtOATBb ;;L 
SUBROUTINE~ 

;
-~=t-. 
DIN : 

CHANGE i 
ROGRAfI __ J 

~~WoM I l§!:JnS 
_~f:>r-<3~----r- -.-

SHADOW PRICE CRAInER 
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Page 2 
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~O 
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r 

DA!l'A LOADER 
Pagel. 
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DATA LOADER 
Page 2 
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DATA LOAJ)ER 
Page 3 

NO/~ 
SET '-I 
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Page 1 
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o 

COST CHANGER 
Page 2 
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CHANGER 

\ 
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PRICE 

RBS ClWllER 
page 1 

o 
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® 

® RHS CHANGER 
Page Z 

o 

~ 
rn(J 
00 
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,-{ 
O~ 
~~ 
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page 3 
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SHADOW PRICE CALC. 
page 1 

o 
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SHADOW PRICE CALC. 
page 2 

o 
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G? '_m , l_- .. I 

SHADOW PRICE CALC. 
page 3 

o 
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~ ~~OO 
~~_~I~~ 

..... ,-,.-

DUAL 
ALGORITHM 

SHADOW PRICE CALC. 
Page 4-

NO) ~(;;~ 
Pg. 3 
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~-= i·n i 

I '12,1~ 
~bm1n·t>~ 
~/ ~/ 1 2198 ~t-;;-1 

\ = bi I 

~_ft~;~ 
Ix • x-l I 

I 

~' ,/~234 
NO x • 0 

/; '~, 

$ 
I 

t 
SIMPLEX 

ALGORITHM 

DUAL AIGORITHM 
Page 1 

o 
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DUAL ALGORITHM 
Page 2 

.~ . 
1( .... .. 

o 

r--~ 

i ar j-arj/ ark 
I 

o 
DUAL AWORITHM 

page 3 
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E: ITERATION, 
CTIONAL, 

'/COS'1'k e. ~/COS!r 

2114 -""'<3~-------' 
g. 1 

o 

DUAL AffiORITHM 
Page 4 

'l~ ~ 
~1j<io.7-f~:L'-l!ijj ~} NO /r' 8 -' '-v/ 

Sio &lj 
--=:-~. ----

1 

o 

-35- SIMPLEX AWORITHM 
Page 1 

./~86 ~ 
INQ\. . . ~ii j< dmiJJ;:-- .'. \.~~~/-- '~ .. / 22lQ 

1 ... _ 

1 I SET dmin=d~J i !-'--"r---"-" '}/ E>! f..... .l. 

rEn
'::> 

j = j+l .. '1 = '1-1 

~2258 
-: O'??">--fNO)'" NO S.'1 -/ \...J ...-- .,~. 

I 

t 
BASIS 

OUTPU! 

o 



o 
SIMPLEX AWOIlITHM 

page e 
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o 
SIMPLEX AWORITID1 

Page 3 
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o 

TYPE: ITERATION, 
FUNCTIONAL, 
ID/coSTJc 
ID/COSTr 

Pg. 1 

SIMPLEX AlGORITHM 
Page 4 

;-----.. -J 

o 
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ET UPPER ~_oc> ',ET LOWER = 00,' . 
ET j = 1 
ET ,. = n 
___ • __ ~ •. ___ r __ 

FINAL BASIS OUTPUT 
Page 1 

®-

. i32918 ~~., 
~7'-~:~? 

p 

" 
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~o-

I 
t 

~ 
V1~~a 

~E AOIfIVITY\ 
:L: 

ICALC~--&-mEI 
LOWER LIMIT . lO- (toWER) ! 
-.-t~ 

NON-BASIS 
OUTPUT 

FINAL BASIS OUTPUT 
Page 2 

1 

o 
-41- FIX SUBROUTINE 

page 1 

o 
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1 

.~~220 
,FrAG 0 
'~,? 

232 
~_D'~GI~ (_.,\ e: ~,-O!,~~,~' 

FIX SUBROUTINE 
Page 2 

SET ~~~ ',' , TURl2~~ 
m. OUT. PU.T. '.. ~~r... DIGIT j , ' ... i 

-_. \ ,. TO OUTPUT I '28.8.' .. · .. -· .... -1 M .. 10@f ~:i~I~ II 

,1 = ~~ . pIG_~) __ 
:---.-.. -'---~~ ~ .. 

'j • j+1 \ 
x = x-1 i 

f2348 
~~,~. o't'>--eJ G>' 

"',.-

I 1SE'l' x-5 

I~ I 

o 

-43-

ISET UPPER- 00 
SET LOWER=­

SET 1=1 
SET x=m 

NON-BASIS OUTPUT 
Page 1 

t ~ ,--'-" "--'---'-®_~j:O? -~ '8 

fb~~ 
~~4 

r--~~~. 
~,~2 C'.'\ '~006 

~--./uP.PER?'~ tN()\~-, . ..-/. . /'/ V ~ l~.V r IPWER~ 
, '.......,,- __ ~6 ';"'---../ 

rj~~ , j 
!>Ie:::::'! I 

o o 
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I 
I 
I 
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MATRIX 
PUliOH 

-1¥t-- NON-BASIS OUTPUT 
Page 2 

'g. 1 

o 

~ 
LOADER 

/ 
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, 
~ I 

I 

+ 
RES 

CHANGER 

COS'!' 
CHANGER 

MATRIX PUNCH 
pagel 

C;::o;O 

o 



PRE-LOAD" 
CARDS 

ARITHtvlETIC 
TABLES 

o 

36038380()500 

15039180000Z4903826 

3100012038874903826 * 4800000000003603826005004903826 
3100100038584903826 000000000000102030400020406080003060902100408021610050015102 
310016003d584903826 00602181420070411282 0080614223009081726300000000005060708090 
310022003d5B4Y03826 0121416181S1Hl12427202428223635203S30454 036324844SS324946536 
31002B003d~b4~038~6 04b46~4627~44~36271d012J4~b7eY1234~67bYO~34567eYOJ34567890JK 
3 1 0034003 e 5 e 4903826 4::j6 7 8 yo JK L 567890 J KL 1"'6 7890 J KL TI/I(\J 7890 J i< L M NO 8 9 0 Ji<' L ,VlN UP 9 O")K L M N OPQ 
3100402038584903826 16005360053849004340160053600~5826011970000n2601112004451601 
3100462038584903826 124000001101124000014600494014004901128004692601176000002601 
3100522038584903826 187018274900000022011860117649005700260118601176150084700001 
310058203eS84903826 16008~70118726010Y2011bY220117801189470070201100260117601197 
310064203~584903826 2601197011862601186011762101092011892601178n1189320117800000 
3100702038584903826 15011980000014n11780nnOG47010940130Q44nn774n119732nl19Bnnnon 
3100762038584903826 3~011970000021008S701178440082201186330118600cn015C0847orC02 
3100822038584903826 1~011780000015011890000021011980000025nln93n11983301198noooo 
31008820385d4903826 4~OOY86011894301034011904600966012003101190nl1S1250119800557 
3100942038584903826 1201092000n146008940130026011970182649nl106n26Qll980Jl973301 
3101002038584903826 1900000011010920000146011260140015011890000nl101198000054300 
3101062038584903826 986011894401094010933201197000002601189010922600000011974900 
3101122038584903826 00004826011510n4692b00517000004gno506ononn00000000000Q000000 
3101182039004903826 * * OOOOOOOOOOOOOOOOOZ 
3101200038584903826 160053601256150175300002160111200099320119000000490045804301 
3101260038584903826 276011904900966043012Y001169482201189011682~0132501176330117 
3101320038584903826 600000150116800000160134700000110134700001210117601176430139 
3101380038584903826 40116849013500160144101837?-5014280116911n14410 *00230117~OOO 
3101440038584903826 002601477014411201477000042601166000002201166000933201162000 
3101500038584903826 002301176011652601186019372201186000963201178000002301186011 
3101560038584903826 8633000820000C15000810000J2100090011862601186000902301186011 
3101620038584903826 652100095000951201347000014701622012002601186000944401694013 
3101680038584903826 253201186000002301186011971101189000N02501093000992601092011 
3101740038584903826 892601198000924601774013004900966047008820140049011260000000 
3101800038584903826 000000000onOOOOOQOOQOOOOOQQoJ90692R080J74077P568J601280405J4 
3101860038584903826 a~49N490J38013M759J29099M164J21267L674J14332L266J08147K922JO 
31019200385a4903826 2597K630J000000000160053601970150175300003490122404301990011 
3101980038584903826 9049009660430201001169490096603201169000n01201168000Nl230119 
310204003(:)934 .. 9,0 3829 * 70117621 nl189011684901718 

o o 

• -t:"" 
0' 
I 

~ 
~ 
t:-t 
~ 
t;1 
t:t:i 
~ 
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3102114038584903826 48000000000037 0375900500250376900400310004803758360383800500 

.~.t02J !403_~~84903826 _ 21 0219(,0~~~JtQ0006403_95Q26QnD79.038A211 0384200QK02600Q6903842 _ ... 
3102234038584903826 260007403847430232603848210228800064360383800500310000103838 
3102294038584903826 
3102354038584903826 
3102414038584903826 
3102474038584903826 
3102534038584903826 
3102594038584903826 

110228800000470227000900490001203603643005001403645000004603 
174012002303648000692100099000693300099000002100098036452100 
098000633303646000003200095000002603160000994402490036482602 
125036584903154044025100364549024700490341800bo01403759000PO 
4602646013001403759000K0460262601200430264603759330260500000. 
320376000000310375803760490265803202605000004902594033026050 

3102654038584903826 00001602117000N016027120375916Q27000376032000000000014000000 
3102714038584903826 0003460277 4 0120011027120000211027000000211021170000149026940 
3102774038584903826 260282102700260281602712120281600001310000000000430292603759 - - .-- - - '. 

3102834038584903826 
31028940385A49038?6 
3io~~540385R49b3826 
3103014038584903826 
3i03074038~84903826 
3103134038584903826 

-. :3 f03'i94038-584903826 
3103254038704903826 

~-.-.,- . _.. ...... -... --". 

_ 3.lQ..3.3.02..o3.65 8 490.3.826 
3103362038584903826 

.. 3J.03.422D36.66_4903826 
3103500038584903826 

.. 31 Q3-56.oo.3.8974903826 
2503723004004902126 

- -

3103758037601202117000014502822037594Q033n200000000000000000 
000000000C0000n00000000000000nOOI602657n~0~916n2985037591603 
00002118160300~037594502994000004903062025nnOOOOOOOOll029850 
000211030000000111030050000212026570n00149029740260310403000 
120265700001460313001200150000000000110310460001490307404403 
154026053202125000002600000021254903302026032520006412032520 
00J92jb06690007~3200095000002io00990006921000990006932000000 , 

00001103252000J01200999000J047032460120049000!20 
.31037580379831..03.79803&383.1038380387831 038780391831 0364303663·-
450339403643160251603418490232601602516034~44902338000003103 

7580350031 03B3Bo.3500370375900.50032()3758000004902~2{)---.. 

* -------------------*~ 

.!: 
-.J 
I 

~ 
t-3 
~ 

t'" 

~ 
d 
tJ:j 
::0 



FLOATING 
POIlfr 
ROUTINES 

FLOATlOO 
POlIiT 
ROUTINES 

o 

36038380050n 
15039180000Z4903826 
31nnlnnn3~5849n3826 onnnnnn00n~nln2~3n4n~n2n4n6~8nnn3n609n21n~4n802161nn5on15102 
310016no~8~84qn38?6 on6n218142nn7n411282nn806142230n90~17263nnnnnOnonn50607n809n 

310022nn385849n3826 ()121416181:j 181 12427~()~~423c2j6.j5F()3'::)3n4~j4n36324844:::;5324946536 
3100280038584903826 0484654627544S36271bal~34~61891234~6·'A90234~67B90J34567890JK 
310034~b38~R4q038?6 4~67890JKLs678g0JKLM67b90JKLM~7890JKLMN089nJ~LMNOP90JKLMNOPQ 
31Qn4n2 n 38584903826 16nn~36nn:::;3849n04~401600536n0~~826nl1q7~nnnn26nl112n04451601 
3100462038584903826 124000001101124000n1460Q4Y4n140049011280n46Q26n1176000002601 
3100522038584903826 187018274900000022011B6011764900570026~1186~117615G084700001 
j)00582038584903826 160085701187260109201189220117801189470070201100260117601197 
3100642038584903826 260119701186260118601176210109201189260117801189320117800000 
31b0702038584903826 150119800onn14n11780000Q4701C04013804400774~1197320119800600 
3100762038584903826 3301 197000()()21 n08570 1 1 784400822G 1 1 B6~=-1n 1 18~-"()()OC~C-! 15("'(':84 7n0nn2 
310()822D385849n3p.26 1:-5011 780nn n n IS!") 1 1 B90()()on21 Q 1 19Bi'(\r"'(H)?C:::n 1 nq~", 1 1 (jd.33n 11 q8 n nn!)f) 

31nnRA2038584gn382A 4~n09860118Y4301034011Y0460nqb6012n031011~0nl1~1~~011Q80n557 
310~942n385d49n3826 1201092cnn"'146nn894013nn26011~7018~64Qnlln0n2Snl1S8nll973301 

31 n 1 n~.2n38~84 :--:)139?6 1 ~Jn"nC'l0~(' 1 1'" 1 092r'!oon 146 r '11 26,'"' I / ... rn 1 ~)n 1 ! .qqn:-'nl"· ...... 1 1 t"'.1.19~~.1}nnn~430n 
310106?038S84~03A26 9860118944nl094010g332Cl197noon026CllA901nq?26n000~nI1g74~n0 

3101 1220385R4Gn3R?S 
31011R2039004903826 

00nn48?6nl131nn46926nn5170D0cn4Y~n506nnnn~~nrr0n~nn0nnnn~nnn 

* * OOOOOOOlH)OOOC()()OOZ 

31012n003ci584~03826 1600536012S6150175300n021601112G009932011900COn0490045804301 
. 310126003d584903826 276011904900966043012YOOl1694822011B901168250132501176330117 
3101320036~d4~03b26 6000001~01168000001b013470000011013470nn0121nl17601176430139 

31013S003cl58490j826 4Ul16d4901350015014410183725014280116911n1441Q *002301 17500n 
310144Q038584Q03826 0026Q14770144112014(7000042601166000na22nI1660n093~20116200n 
31015n0038~84903826 0023011760116526011d601Y3722011H60009h3201178000002301186011 
3101560038~R49n382A 8633nnn82n~0.0nlS0~n81n000J2100.n900.11862601186000S02301186011 

31r162 n n385R49n3A?A 652100.n9snn n 951201347nOnnI47 n 1622n12nn?6nl1 A 6 n n09444nl6940.13 
. 310168n0385849038262532011860nn0023011H601197110118900ONn2~nl0q30nCq926nln92011 

310174n038584 0 n3R?6 89260119800n92460177401300490096604700832n140049011260noonan 
31nI8rnn385R49n38?~ noon()nnnnn~r0nn0000n0nnnnnonJ9n692RQ8nJ74n77p~68~6012804n5J4 

310186003b584903826 8~49N490J38013M759J290Y9M164J21267L674J14332L266J08147K922JO 
3101920038584903826 2597K630JOOOOOOOOQ16n05360197n1501753nnnn349Q122 4 04301990nl1 
3101980038584903826 90490096604302010011694900966032011690nonOl?01168000Nl230119 
310204003B934~03826 * 70117621allcl901168490171d 
31n21140~S84903A26480n00000000460Z1700020036038380D50025n3848n04004902194IT3¢OO-· 

3102174038584903826 00000I02360383800100320383800nOOI403841n~nn~46noo120120~4602 
3102234038584903826 2660020034n0000001n23803838~010n260220Snnn7926r2308nno641102 
3102?94038584903826 
3102354038584903826 
3102414038584903826 
3102474038764g03R26 
310251603~744002126 

3080000424nnOOnQ38414602460n12n011n23nHn~nJn12n22050nnJn47n2 

302012C026022050007426024040236821024n40n06924C0000038414602 
480012n021n2404nOObY12n2205~OOJ047n23980120n482602510n230849 

* 0249202602510024041102S10nOD06260000003847 
*260254602~lnl.202546000n533nnoon0000049021260 

o o 

i-
co 
I 

Q 
o 
CIl 
1-:3 
(") 

~ 
~ 
Q 
t.rJ 
::0 

~~-



. PLOA..rING 
POINT 

o 

.' RQtIT~!J~. 
,,,,"'" ,. 

o o 

....... -- _.-......... - ... ~ . 

. 360383800500 

.. _.!_?0.~21~g~)g_Q.?4?Q.3f3~?_. __ ....... _--- .. _._' ... _'.. , ... ,_" .. , ,, ___ ,_ __ . _ .. ,_'._,._ 
I 3100100038584903826 ooooonnnnn~~102n304nnn2n406n8nnn3n609n21n~4n80~161n05n015102 
I 31 00_lQ.00385_~.19.92.8~,§ __ Q,Q?Q?~ ~l_~?Q.Q!Q_~ 1 12.82000Q6142,23009081 ?2,63Q00no9Qo_99~060?n~Q..~Q_ 
I 3100220038584903826 0121416181S1811242720242822363S203~304~40363248445~324946536 
I 3100280038584903826 04846S4627544536271801234567891234567890234567890J34567890JK !- . ----.---- .. -----~"-.. ---.-.. _ ..... _._--..... _ ...... _-........ , _ ... _._._-, .. _. ',","'._."" --.. -- "'''--'''' ..... "'---.-.'--"----:-----:-~~ 
; . '·'3 1 00340038584903826 4567890 JK L 5 6 7890 J K L iV16 7890 J KL M N 7890 J K L IVI N 0 890 JK L r"iN 0 P9 0 J K L MNO PQ 

~.!.QQ40_2_9_~_E35.~~5~S?,=?,?~~_.J._~.Q_Q.536qo5.3E3.~9(')04340 !.60?53~0055H26Q 1197(j('lnn02601 1120044~.~~g_~ 
3100462038534903826 124000001101124000014600494n14(')04901128nn4602601176000on2601 

i:_,.~ .. ~().95~~.Q_~8~t.?_~0~S.?6 1 §?g} 82749000000.220 11 ~60 ~ 1 7649005?00260 1186n 1 1 76150084 7q0.o,O.~_ . 
; 3100582038584903826 16Q0857011A726010920118922011780118947n07(')2nl100260117601197 
I ' 

: 3100642038584903826 26011970118626011860117621010920118926Q1178n1189320117800000 
.... 3-iOo7o2038S-g'49·03826-1-s-oi-i 98000'ooi4n 1 17800n-6Q47-6~i 09'40 130044nn774n i'19'i3'20 i 19-806000 
. 3100762038584903826 330119700000210085701178440082201186330118600000150084700n02 
t"'3100S'22"038584903826 . 150"117800000 i 501 1890000021 0~1 i 98000002501093(") 1198330 119800000 
~ 3100882038584903826 430098601189430103401190460096601200310119001191250119800557 
r-3100942-038~584-963826 12-01'0920000146008940130026011970 182649n 11 06()260 1198011973301 

:....2lQ.Lr~Q.?.Q;?_~_~~~_~93~_?,§"_!2,OOQ9,Q_0 1 ~.':}9.~2099.0_.~':"?9l-~~?.Q.~ 400 150 11 R9.0()()OO ~ 1 ql 1980000S430'q 
t 3101062038584903826 9d6011894401094010933201197a000026011A901092260000(;OI1974900, 
: 3101122038584903826 00004826011510n46926nn51700non49n()5060~nn0nnnn0nn0nnnnnnn()n~ 
~--.----".---..... ". . -', .. _" 
; 3101182039004903826 * * nnooooooooooonoooz 
~_~,!"2.J?,Qs:.Q~f3584903826 160n53?012561501 75_~10no02160 1 1 120n09932n 119nnoon04900458n430 1 

3101260n38584903826 2760119049nn966()43()12900116948220118q011682~nI32501176330117 

3 1 0 1 32 Q..O 3 §. 58:t. 90 3 ~_?,§ __ § 0 OQ n..9..~~ 5,~ l,l.~t;3 9_0.9.2.9 L? ~~ 1,_~~.! n 9~0 0 1 ~ .. ('I, 1 347 \' ('I n n ~ 2 I, C' ~ .. !.7? 0 1 1 7. 9_'!.,'} 0 l.}.~_ 
3101380038584903826 401 1·.a490 1350'0 160 1441 01837250142801 1691101441 0 *0023011 75000 
3101440038584903826 002601477014411201477000042601166000002201166000933201162000 
3101500038584903826 002301 1 760'i-i652'601 1860193722"01186"00096320' 11 786000023'0 i i 860-11-
3101560038584903826 863300082000001500081nOOOJ210009001~8626011R6000902301186011 
3101620038584903826-6521000950669512013"4.7060"614701622012002601 i 86000944401"6-94-013'-

, 3101680038584903826 253201186000002301186011971101189000N02501003000992601092011 
:1101740038584903826 892601'19800092460 t-77401300490096604700-882-oT4'Ob490 1 i-2600-00~ 
3101800038584903826 oooocinnoonnnnnnoobnonnonnnOoJ9n692R08n~74n77p~68J6012804n~J4 

, 31 0 1860038584903826--8249N490j38613'M759~i2-90<;i9-MT64-j,2'1267L674JI4332L266J0814 71< 922JQ 
3101920038584903826 2597K630J000000000160n5360197015017530 no03490122404301990011 

-31-0 (980038584903826-'-9'0"4'90096'604'3"020100 i i69490-0966032"6 1'16900000 1 ?'O 1168000N 12301 19"-
3102040038934903826 * 7011762101189011684901718 

~ 
.....0 

• 

~ 
~ 
H 

ffi 
lil z 
t-3 

Q 

$1 
~ 
t;rj 
t:O 



REQUlREME~ 
CHANGE 
ROUTINE 

c 

~-3~r)2T140385R"4 9 n 3826-'480 nnn 00 n 6", n34 nOn 0 ~ ('\ (') ('\ 1 0246021 820 n300.-36-r;-j4 '1 n n05 nn 25034 n4nn 4 n n" 
31021740385R4Qn382A 49n?194036n340nnOl0032034n000n0014034n3n0nnn46nno12012nn4702 
3"1022340385849n3826 274(,)0300340000nOO 1 n8370375900 1 0049023340:j8n340nc;O 1 0037n3759n 
3102294038584903826 05004100000000003400n00001083903759001n032n375dooon014n3759n 

,--- .. --_. 
3102354038584903826 00P04602470013Q01403759000Kn46024500120043n24700375933024810 
3102414038584903826 0000320376000000310~7580376n4902482032o2481noon0490241803302 
il02474038584903826 481000001602117boON01602536n375916025240376n320376000b001403 
310253403858490382~ 7~9C0003460259R0120Gl1025J6nOo02110252400n~211021170GO014902 

"31025Q4038584903826 518n26n2645n25242602640n2~3612026400nn0131n~758n37604302702n 
31026540385849038?A 375q~ln3759n376012n2117nnn0145n2646037~9490~126n16n22n5nnn09 
3102714038584903826 16027610375916027760211b1602781037~945n277nn37~9490283802502 
31027740385R49n3R?6 118n37S911a2761000021102776nOOOll1027R10nn0?120220~0nonl~902 
3102R34038584903A?6 750026028800277612022050n0014602906012n015n?118000(IOl102880n 
"~102894038584903826 000149028500440293002481320212500000260220500079260297200064 

"t3"102954038584"903826 1 1029720000424000000340346031 120120 ell n29 72no OJO 1202205nnnJn 
3103014038~84903826 470?9660120026022050no74260j0680297221n3n68n0069240000003403 

:.31-0307463"858-4-9038-26 ""-46031920 12nO 1202205000J04-?036sno 1200482603"171029722103171000 ' 

3103134038584903826 691103171onri061600469031831600445000004900422021254902126026 
~-31"03T9-4038584903826 032750j'0681103275006a626Q33Ci0006421 03311 non69260220500079 i 6 
:- 3 f03254(,)3858490382·ft"o04"690~:r2"87260-1 r97"0000'0.490 1938t5212516C;04690~323160044S(\000()4q 

3103314038584903826 00422000991103?75000~nll03311nOCJn12n22n500n~04603~52() 13004Q 
3Io3374b39124902126 021260 

o o 

---:-~~ 

I 
\J1.; ~. 

o 
• 

E2 
.g 
H 

~ 
to;? 

tij 
Z 
1-3 

Q 

it! ...,..1 a 
l7j 
~ 



,0 

PRE-LOAD 
CARDS 

. PRE":LOAD 
.~1\!ID~. __ . <. 

. DUAL 
Aroo~ITm1 
ROUTINE 

360383800500 
15039180000Z4903826 
~1_0?>~ 14Q;3e~849938~6 

3102174038584903826 
_.~~_Q2_2~~038584903826 

3102294038584903826 
._.~ 1 023540~8584903826 

3102414038584903826 
.~I.o.~4749.~E3584903826 
3102534038584903826 
3102594038584903826 - -'. -

3102654038584903826 
3102714038584903826 
3102774038584903826 
.~~Q28~4Q38584903826 
3102894038584903826 
310295403b584903826 
3103014038584903826 
310~074038584993826 

3103134038734902114 

. __ . ~A$~~ . ..... 
ITER NO 

. FU~~T I ONAL. 
VAR OUT 
VAR IN 

360383800500 
15039180000Z4903826 

-." ji 021 i403~584903826 
310217403e584903826 
3102234038584903826 
3102294038584903826 

.... ----~-. -- -_. '-

3102354038584903826 
~_~!.Q~4_1 ~Q3§?8_~9.0_~J3?6 

3102474038584903826 
3102534038584903826 
3102594038584903826 
3102654038584903826 
3102714038584903826 
3102774038584903826 
~16~~j4b3~584903~~6 
310289403~~B4903826 

o o 

1602472039402602173000642602253000791102173000J0260391800000 
320391300000220391801822470223001200260392001826490246601603 
912000N33303913000001602337Q39131602429018181602436039192503 -
910039183303918000002503919004004302394000001102337000011203 
912000011102429000011202436000014902326026024170233731039130 
0000260392001818330391900000440246603910320~9200000026000000 
3920110247200QJ01202253000J047021500120026024720006421024720 
00692102472000691102173000J026021610006926024890006926022530 
00741602448026481602455000M12602520026474902150M902668320392 
000000490246602602659000742602710000642102710000692600000018 
26~602871027102602847027101102847000J01602799039402602253000 
792603920018262103920000004602884 012001600469028472601197039 
2049019380000016004690288316004450000049004220n0991102799000 
JOII02847000J01202253000J04702776012001102847000K02102871000 
691202659000J0460275Z0130037 03563005002503583004003400000001 
023903563001003900049001003400000001023400000001021602659000 
043703563005002503583004004703136001003903563001003400000001 

081202659000014703076012003 4 00000001024900024 

2600023018262603~40000792602185000642102185000691102185000JO 
2400023000004702222011Q0260222102185260002300000120344OOOOJO 
470216201200440002400023260002302205160356000000260341600074 
2602372q?22126024130006~21Q241300069210237200069260242502372 
21024130006924000000182646QF48601300160046902425260119700000 
490, 2QOQ.Qonn2.4QOO 9~OOQ434 70~,±a.60 t1 OQ260002300099 2603524 02.3.22-
2603560024131203416000J0470233001200140356000000470254601200 
48NI10000000260268403524260270803560260344 000079260266503524. 
160269603930260278003524260270103560160046902665260119702545 
4901200000002603740000992600000018262603Q3000000260000001826. 
1102696000JOII02701000Jd1102708000J0120344nOOOJ04602690013bo 
2600000025452602857022212602864022212603416000741 t200469Q285_7 
26bl1~703740490193H00000260000000099210285700069210286400069 
1~03416000~04602~2?01300160298403930260302500064210302500069 

I 
\.J\ 
I-' 

• 

til 
o 
8 
8 
H 
o 
~ 



PRE-LOAD· .­
CARDS 

SD·!PLEX 
AWORITHrvI 
ROUTI:0JE 

'~ 

3162954038584903826 
3103014038584903826 
3103074Q385849038~6 
3103134038584903826 
3103194038584903826 
3103254038584903826 
3103314038584903826 
3103374038584903826 
3103434038584903826 
3103494038584903826 
3103554038584903826 
310361403Y004902114 
360383800500 
15039180000Z4903826 

. . 

160309703930260344000079220393001826460321801200260308502221 
160312100000260341600074260314003121120314000008160046903997 
2601197000004901938039301600469031331600 4 4500000490040200099 
1400000000M347035980130021030850006921031 4 000069210312100069. 
1203416000J 4603062013001102984QOOJOI1030 97nOOJOI103025000JO 
1203440000J 46029780130026033730222126n3361n356Q1 2 03361000JO 
2603368033612203373000692603380033732600023n0000260000Onoo00 
26000ooob02311Q363100n0147021140010034n n nnnnQln23803629nnl00 
340000000108260357703373260354103361260350~00064210350500069 
26039170000038039080010034 0000000108260391 7 0000Q380390800100 
34000aO~0108~60391j000003803~0800100490211402603616031212600 

* * 000018264Y03158000 

3102114038584903826 250366803747260002301826260354800074260219700064210219700069 
3102174q.38584903826 21 021970006924C:0023000004702234:91 1.00g~Q22}30~ 1.?7?6.000?300000 
~J022J4036584903826 2102J97000691203548000J04702186012004400024Q0023260002303522 
3102294038584903826 160348100000260363200079260238002233260243302233260242100064 
3102354038584903826 210242100069490254202400000018264702518011001600469024332601 
3102414038584903826 197000004901200000002400099000234602518011004602586012002602 
31024740385R4903826 4930238026037460000026000230009926034BI024211203632000 J04602 
3102534038584903826 630012001102380000jOl102421000J01102433000J04902374026026090 
3102~9403~584903826 23802403~460000047024700130049025180140348100000470266601200 

3102654038584903826 48NII0000000260280402493260282802233260363200079260278502493 
310271.4038584903826 160281603930260290002493260282102233160046902 785260119702665. 
3102774038584903826 490120000000260392000099260000001826260393000000260000001826 
.31D2834038584903826 1102816000JOII02821000JOI102828000J01203632nOOJ046Q281001300 
3102894038584903826 260000002665260297703481260298403481260354800074160046902977 
3102954038584903826 2601 1970392n4901938000002600000000992102977no0692 1 0298 40006Q 
3103014038584903826 120354800aJ046029420130016031040393 026o3145n00642 10314500069 

_.3103074038584903826 160321 7039302603632000J9220~9300 1 '~",,4603338n 1200260320503481 
3103134038584903826 160324100000260354800074260~260032411203260n0008160046903217 
3103194038584903826 260119700000490193803930160-0409032531aa0445n000049004020ooqq 
3103254038584903826 1400000000M3470370601300210320500069210326000069210324100069 
3~0331403d584903826 1203548000J04603182013001103104000~01103217000~01103145000~O 

3103374038584903826 1203632000J04603098013002603469022331203469000J0260347603469 
.31034340.:)658490.382.6_. 2203481 0006.92603,48.a034Bl26QOG2.300000260000()o0000260000nooo23 
3103494038584903826 1103667000014702126QOI0034000000010238036650010034 0000000108 
3103554038584903826 260368503481260364903469260361300064210~61300069260374600000 
3103614038584903826 3803737001003400000001082603746000003803737()0100 340000oonln8 
310~~740~8584903826 260374600000380373700100490212602603724032412600000018264903 
3103734039044902114 * * 278QOOOOOOOOOZ 

o o 

I 
\Jl.. 
f\) 
I 

(J) 
o 
t-t 
~ 
8 
H 
o 
!2! 

~-~ 
i 



o 
. PRE-LOAD 

CARDS 

FINAL 
BASIS 
OUTPUT 
ROUTDlE 

PAGE 
HEADINGS 

36Q383800500 
;-15039180000Z4903826 

o o 

3102562038584903826 360382600500490382603400100001022602653000642102653000693703 
310262203B584903826 7S900500390375900100260391700000340001000108L803908001003400 
310268203~S84903826 000001023400000001021603533000063703759005003903759001001203 
3102742038584903826 533000014702714012003400000001022603321000641103321000~02603 

:~!Q?8020~~5a49Q382~ 369026531103369000~02603013033692103013000792603001030131103 
310286203B584903826 001000J02602965030131102965000K02603545000792600750026662600 
3102922038584903826 7 4 00259316007250000016007150000016030440nOOn2603097029652603 
3102982038584903826 109029651603085000001603157000002603213030132603533000742200 
3103042038584903826 000037064603214012001600469030972601197000004901200000004403 
3103102038584903826 166nonn024nnn99n07504703214nl100260075nonnGQ26n0730n00on4903 
3103162038584 9 03826 2140240009900740460321 4 013002600740000Q926007200000021030440 
3103222038584903826 006921030850006921030970006921031090006921031570006921032130 
3103282038584903826 00691203533000J047030380120n2603918000n034n~ocnOOln238n3909n 
3103342038584903826 0100320195500000270194800000260-9180071434000000010635039150 
3103402038584903826 01002603429033212600760000003.~0755000n044034860076033007600 
3103462038584903826 0000320352100000 4 9034980330352100000260076900760150077ooonoo 
3103522Q38584903826 330195500000320074000000270194800740260391800724340000000108 
3103582038584903826 3803915001 0 033007500000033019550000027n1948007501102965000JO 
3103642038584903826 1103321000Jnl103369000~012035l~5000J04702q06nI200490002400000 
3103702038904902562 * 000007 n 7n7070037Q707Q70nnOZn 
360383800500 
15039180000Z4903826 

310~948038584903826 3201956000003103898037074402008019473301947000001603917nooKn 
3102008038584903826 2600760037061401939000N44702064011001600757R9999490214801201 
3102068038584903826 939000M74702136013001602135019402102135019~9150193qOOOOD2100 

:- 310212803$584903826 760019474402442019551602219000041602287007531602282038991602 
310218803cl584903826 243007~31602250038993201957000004402276019574302264007~31603 
310224803bS84Y03826 7~9000004902288033019570000025038990075311022870000111022430 
3102308038584903826 000111022820000211022500000212022190D00147n22200120044024160 
3102368038584903826 195633019560000033019570000016022190000549023120340000000108 
3102428038584903826 390389900100421403917000K04702478012003200760000002100760007 
3102488038584903826 7047025220130016039170000049Q214801603917nonK049021487070707 
3102548039044903826 
2503919004004902582 
FUf'(JCTIONALZ 

VAR/<:OST Z 
ACTIVITY Z 
LIM VAR Z 
LOWER L l,iVl Z 
LIM VAR Z 
UPPER L IIVl Z 

* * 003707Q7070000 

• \J1. 
\.J.J 
I 
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PAGE 
HEADINGS 

PRE-LOAD 
, CARDS 

; MATRIX 
. PUNCH 

ROUTINE 

c 

360383800?00 
15039180000Z4903826 
3102562038584903826 3 4 0001000102L4001000010216032530000637n3759n0500390375900100 
310262203ti584903826 1~03253000014702~9801200340000000102260321700064210321700069 
31026~2038584903826 2103217000692603265032171203217000J02602861n3217110286 1000KO 
3102742038584903826 260289702861220289700069260290902897220290900069260322400074 
31~28Q?0~~584903826 2600750025852600740Q2574160071500000160072500000160294ononoo 
3102862038584903826 260299302861260300502861160298100000160305~00000260310902909 
3102922038584903826 260325300079220000003438460311001200160046902993260119700000 
3102982038584903826 4901200000004 4 03062000002400099007 4 0 4 70311001100260074000099 
3103042038584903826 260072000000490311002400099007504603110013002600750000992600 
3103102038584903826 730000001102940000JOI102981non~nl1029930nOJnl1030050onJoI103 
3103162038584903826 053000JOI103109000J01203253000J047029340120n26Q3918000003400 
3103222038584903826 0000010238039090010032019550000027019480000026n3918007143400 
3103282038584903826 0000010838n391~001002701948007402603918007243400000001083803 
3103342038584903826 91500100270194800750210286100069210321700069210326~OOO691203 
3103402038814902562 * 224000J047028n2 n 12nn49C002400noooooon 

VAR/COST Z 
SHAD PRICE Z 
LIM VAR Z 
LOWER LIM Z 
LIM VAR Z 
UPPER LIM Z 
360383800500 
15039180000Z4903826 
3102562038584903826 470282600400310356303401310356200048150357300000390356300400 
3102622038584903826 310356303481260356700079260357200074150357300000380356300400 
3102682038584903826 260278400064110278400001230006900073320009500000210009900069 
3102742038584903826 21000980007821000990278426028130009938000nnn0400110278400000 
3102802038584903826 140278400000470277801300410000000J00488888R88888.49000240000Z 

::.,.~,1 pj 4 0 J 0 3§ ~84 9 03826 - - - - -- - - - - - - - - - - - - - - - - - - - - - - --- - -.:.. - - ------ - -- - -- - --- --------
31~3461038584903826 -------------------------------------~----------------------
·~i03521038784903826 * ------------------~~~--~~---------------
250356100~002503723004004902562 
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1620 Correction Feb.1,19f>5 

0101 10.1.006 

, "Linear Programming Code for the card 1620 with Punched card 

Option for Final. Output" 

An error in the subject program was reported to the 1620 Users Group 
and subsequently to us. The enclosed changes should eliminate the 
error. 

The Right Hand Side Changer Program (cards numbered 200 - 260) should 
be modified to eliminate a stray flag bit left in memory position 03513. 
The following changes should be made. 

1. Card #229 of the RHS changer program. Change cols. 1 -7 from 
4800000 to 4903484. 

2. 

3. 

4. 

5. 

Card #259 of the RHS changer program. Change from col. 33 on to 
contain: 
33035l~00000480000000000+00000~l0345203508000259 

," 
~ 

Card #260 of the RHS changer program. Change cols. 1 - 13 to 
490212600000+ and 63. - 80 to - ... -- --010350803520000260 

Add Card #261 to the RHS changer program. Cord cols. and contents 
as follows 
Col 1 - 69 - all-zeros 
Cols 70 - 80 - 02114000261 

Appendix A, Section D3 should read: 
uRHS changer itself loads and a stop at 03501 is 
executed ... 

A complete corrected RHS Changer deck has been distributed since 

Feb.2,1965 
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File No. 10.1 

UNEAR PROGRAMMING CODE 
FOR THE CARD 1620 

WITH PUNCHED CARD OPTION 
FOR FINAL OUTPUT 

Lou DaviS and Art Nickel 
IBM 
401 Grand Avenue 
Oakland, California 

1 

o 

1.620 Correction hb.1,1965 

0101 10.1.006 

"Linear PrOsra-1Dg Code tor the card l.62o with Plmcbed carel 

Option for 1'1nal. OutPlt~' 

An error in the subject program was reported to the 1620 Users Group 
and subsequently to us. The enclosed changes should el1minate the 
error. 

The Right Hand Side Changer Program (cards numbered 200 - 260) should 
be modified to eliminate a stray flag bit left in memory position 03513. 
The following changes should be made. 

1. Card *229 of the RHS changer program. Change cols. 1 - 7 from 
4800000 to 4903484. 

2. Card *259 of the RHS changer program. Change from col. 33 on to 
contain: 
330351~00000480000000000+00000~10345203508~00259 

, 
3. Card +260 of the RHS changer program. Change colli. 1 - 13 to 

490212600000+ and 63 - 80 to 
010350803520000260 

o 

4. Add Card *261 to the RHS changer progr~. c.rd cola. and CODtenta 
as follows 
Col 1 - 69 - all zeros 
Cols 70 - 80 - 02114000261 

5. Appendix A, Section D3 should read: 
.. RHS changer itself loads and a stop at.Q1§jll is 
executed. II 

A complete corrected RHS Changer deck bas bee ct1atr1buted as.noe 

Feb.2,1965 

,.. 



1620 10. 1. 006 

DECK KEY 

1. Data Loader - 000-053 

2. Cost Changer - 100-107 

3. RHS Changer - 200- 260 

4. Solution Deck - 300-916 (not continuous) 

A. Floatirig Point Subroutine 300-328 

B. Shadow Price 400-423 

C. Dual 500-526 

D. Simplex 600-628 

E. Final Basis 700-720 

F. Fix and Print 750-768 

G. Non Basis 800-821 

H. Matrix Punch 900-916 

5. The deck mentioned in Section I. on· Page lO 

3. 

o 

PROGRAM ABSTRACT 

Title: Linear Programming Code for the Card 1620 with Punched Card 
-- Option for Final Output 

Subject Calssification: 10.1. 006 

Authors: Lou Davis and Art Nickel 
--- IBM 

401 Grand Avenue 
Oakland 1 0, California 

Direct Inquiries to: Lou Davis or Art Nickel 
IBM 
401 Grand Avenue 
Oakland I 0, California 
TEmplebar 4-7070 

Purpose: Solution of linear programming problems with output of 
detailed results. Given coefficients ai j, cost coefficients 
c j ' and requirements b i , determine Xj such that 

~ ai )Xj = bi with Xj Z'o 
J 

and 

~CjXj = maximum. 
J 

Mathematical Method: Computations are performed by the Dual Algorithm 
until a feasible solution is oiDtained. Control is 
then given to the Simplex Algorithm for optimization. 
Many, many things go on before this stage is reached 
and after. It is quite important to read the instruc­
tions for order of program input (Appendix A) and data 
input carefully. 

o 

a. Accuracy: All computations are performed in 2-
and -8 floating point arithmetic. 

b. Derivation-Reference: Some (Nichols') notation 
and techniques were derived from the writeup of 
the "Linear Programming Code for the Augmented 
650" by O.R. Petry. Reference is also made to 
C. R. Nichols' writeup for the 1620 paper tape 
input/output version. 

4 
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Restrictions, Range: 

Storage. Requirements: 

a. Requires a 1622 Card Read-Punch Unit. This 
program was rewritten for a 20K machine. Certain 
changes in the prograjTI deck are necessary to 
enable it to run on a 40K or 60K machine. These 
changes are indicated in Appendix E. The size 
of the problem which can be handled is restricted 
by the following relationship: 

(m+2) (n+3) ~memory - 3920 
10 

where m is the number of restrictions, 
n is the number of non-baSis independent 
variables, and memory is 20K, 40K, or 60K. 

b. Data must be prepared in the format specified in 
Appendix B. 

c. Output may be either on the typewriter or on cards. 
The optional final matrix punchout is on cards. 
(See Addendum No.1 to program writeup). 

Any size memory - see Restrictions. 

Equipment Spec1fltations: 

Source Language: 

Program Execution Time: 

Check Out Status: 

BaSic 1620 with Card input and output. 

The original tape program and the modification 
for card input and output have been coded in 
1620 SPS. 

The precise time required per iteration depends 
on the size and density of the matrix. As an 
approximation, a problem with 30 equations and 
40 non-basis variables requires about 20 seconds 
per iteration. 

This program has been widely and successfully 
. used in the field for some time now on many prob­
lems of different sizes and descriptions. 

o 

j 

COMMENTS 

This program and its documentaUon were written by an IBM 
employee. It was developed for a specific purpose and submitted 
for general distribution to interested parties in the hope that it 
might prove helpful to other members of the data processing 
community. The program and its documentation are essentially 
in the author's original form. IBM serves as the distribution 
agency in supplying this program. Questions concerning the 
use of the program should be directed to the author.' s atte;:;.iion. 
For certain probleIns it has been found that the value for "essential 
zero" located in memory positions 3144 and 3145 may need to be 
increased to .ome value greater than the 10-8 value to whi:::h it is 
set in the prolram.. 

o 
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1620 LINEAR PROGRAMMING CODE FOR CARD lliPUT/OUTPUT 

Nichols, Nickel and Davis 

Addendums to 1620 Linear Programming Code - File Number 10.1.006 

To avoid an overflow condition and certain loading inefficiency when using 
the Data loader program, make the following change in the program deck 
and listings for the Data loader: 

Object Program 

Card No. location mm.... IL 
32 01946 4902022 4902090 

Symbolic Lisling (Data loader) 

~ location From I2-
TSTRC + 12 01946 B Fill . B Signst 

The subject "overflow" causes no apparent error but only slows down 
the execution of the program. If the above change is made, data cards 
~ not contain record marks. 

n. A second item that it would be well to note is the following: 
When using negative (minus) data values, the minus sign (11 punch) 
imustbe in the first and only first column of the ten ~JO) column field 
alloVled for the number. That is, column 9, 29, 49 and/or 69. 
If this is not followed, the value will be treated as positive. 

m. To convert the "final output - punch option" deck for use on a 40K or 60K 
1620, the following cards and columns should be changed in the manner 
prescribed in the program writeup: 

!/ 
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Card Number 

700 
701 
702 
712 
718 
800 
814 
912 

Columns 

3 and 51 
3, 15, and 39 
?:l and 39 
47 
43 
39 and 51 
23 
15 

These columns contain ones (l's) as the first digit of 19xxx: addresses 
and should be changed to threes (3's) or fives (5's) for the 40K or 60K 
machine. 

9 
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1620 Linear Programming Code for Card Input/Output 

Nichols, Nickel and Davis 

Addendum No. 1 to Program write-~lp 

1. Reference: Item 3. "Restrictions" I part c. 

The Final Basis and Non-Basis Output may be punched on cards 
rather than typed by replacing caris numbered 700 through 916 c f 

the solution deck with a different card deck bearing the same first 
and last number (700 and 916) e:nd approximately the same numbers 
in between. (These cards are the 'last section in the deck. ) 

II. Reference: Appendix C - Output 
Items 2 and 3 

2.1and3.1 
Final Basis and Non-Basis Output using "Punch Deck" for cards 
700 - 916. The final value of the profit function is typeq in 
floating pOint form as before. 

The same information is punched as is given with the typed output. 
The card format is as follows: 

Card Columns 

1 - 2 Code.11 - Final BaSis 
22 - Non-Basis 

3 - 10 Zeros 

11 - 20 Identification/Cost Coeffic: ent 

21 - 24 Zeros 

25 - 32 Activity - Final Basis 
or Shadow Price - Non- Bash' 

33 Record Mark o - 2 - 8 punch 

34 Zero 

3S - 38 Limiting variable 

10 
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39 - 40 

41 - 48 

49 

50 

51 - 54 

55 - 56 

57 - 64 

65 

66 - 80 

Notes: 

Zeros 

Lower Limit on Cost - Final Basis 
or Lower Limit on Activity - Non-Basis 

Record Mark a - 2 - 8 punch 

Zero 

Limiting variable 

Zeros 

Upper Limit on Cost - Final Basis 
or Upper Limit on Activity - Non-Basis 

Record Mark a - 2 - 8 punch 

Zeros 

1. The card output is numeric so there are no decimal paints 
or minus signs. 

2. Negative numbers are denoted by a flag (II punch) over the 
low order digit 1. e., card columns 48 or 64. 

3. The Activity I Shadow Price and Limits are 8 digit numbers, 
and the decimal paint is assumed in the middle -- that is, 4 
positions from the right or left, so (xxxx. xxxx). 

4. Card columns shown as containing zeros may contain "most 
anything" on the first card punched, but all columns of any 
interest will be correyt. 

q, /I. ?!J/ 
1/ 

o 

1. Identification: 

a. 1620 Linear Programing Code for card input/output. 

b. This program is an amended version ot C. R. Nichols' 1620 

Linear Programing Code for paper tape input/output. Most of 

his original program and much ot his writeup have been retained 

unchanged tor this edition. This version edited by Art Nickel 

and Lou Divis. 

c. IBM Branch Office, OIikland, California. 

2. Purpose: Solution ot linear progra8l1ng problems with output of 

detailed results. Given coetticients ai,j' cost coetticients Cj, and re­

quirements bi, determine x j such that 

~ ai,jxj= bi vith Xj ~ 0 
J 

and 

:2.- c jX j ::< qxillUl10 

3. Restrictions: 

o 

a. Requires a 1622 Card Read-Punch Unit. This program vas revritten 

tor a 201< _chine. Certain changea in the program deck are necesMry 

to enable it to run on a 401< or 601< _chine. 'l'bese changes are in-

dicated in Appendix t;. 'DIe size ot the Jroblea vhich can be handled 

is restricted by the tollowing relationah1p: 

(11 ... 2)(n"'3)~ 10- 3<RO 

where II 1s the nuaber ot restr1ctiona, 

n 11 the nWllber ot ~ independent var1ables, and 

mellOry 1s 20K, 40K, or 601<. 

b. nata mult be prepared in the tonat specitied in Appendix B. 

c. All output i. on the typewriter except an optional tinal _trix 

punch out vhich il on cardl. 

/2 
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4. ~: Canputations are pertormed by the Dual Algorithm until a feallihle 

solution is obtained. Control is then given to the Simplex Algorithm for 

optimi7.ation. Many, _ny things go on before this stage is reached and after. 

It is quite important to read the instructions for order of program input 

(Appendix A) and data input carefully. 

a. Accuracy: All cemputations are performed in 2-and-8 floating point 

ari tbllletic • 

b. Derivation-Reference: Some (Nichols') notation and techniques were 

deri ved frem the writeup of the "Linear Progralllil1ng Code for the 

Augmented 050" by O. R. Perry. Reference is also made to C. R. 

Nichols'vtiteup for the 1620 paper tape input/output version. 

5. II1scellaaeoua : 

a. Special Features: 

(1) Cost changes in tenu of the original data can be made without 

the necesllity of reloading or reaolving the original matrix. 

(2) Requirements can also be changed-.. a in (1) above. 

(3) 'lbe overall program consiata ot several relatively independent 

subprognma which can be deleted or altered in many respects without 

interterence with other subprograms. Sequential loading of the 

lubprognma is autollatic, with intermediate progra_d atops at 

pointa where it might be desireable to _nipulate order of input 

decks. 

13 
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•• Preliminary: 

APPENDIX A 

OPERATOR INFORMATION 

1. Set typewriter margins at 15 and 95; tabs at 27, 39, 51, 63, and 72. 

B. Load Matrix: 

1. Clear Memory -- turn off all console switches. 

2. Place Dt\TA LOMlER deck followed by data deck in 1622 Card Reader. 

3. Make sure computer i. in nmual mode. 

4. Depress LOAD on card-reader. 

5. Dt\TA LOADER itself loads and a halt at 00413 is executed. (All 

addresses given for halts will be the addre8B dillplayed in the 

Memory Addresa Register.) 

6. Depress START on console. 

7. If all goes -ll the data will load and a no~l halt at ce265 

will be executed. 

8. Operation may nov proceed to the COST CHANGER, RHS CHANGER, or 

SOLUTION. 

C. ~ Changes: 

1. Place COST CHANGER deck (followed by cost changes if input is by 

cards) in card-reader hopper. 

2. Press S'rART on console and On card-reader. 

3. COST CHANGER i tselt loads and a stop at <Xi!125 is executed. 

4. a. If cost cha~ are on cards make sure Senae Switch 2 1s off 

and depress S'rART on console. 

b. It cost change. are to be entered trem the typevri ter, turn 

Senae a.tcb 2 on. (JIELIIASi: ... 8'1'ART must be depressed after 

,/ 

/tj 
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Hch entry--don't forget last entry of oooc~.) 

5. If all goes well data will Iced and program will branch to the sub­

routine to Iced the next program in the card hopper. If there is no 

program in the hopper, the computer will hang up on a REAIER NO FEED 

* with a MAR addresa of 19851. In this case put the appropriate deck 

in the hopper and push START on the reader. 

It is possible for all not to go well because a change has been en­

tered for a non-existent identification number. In this case the 

ccuputer will halt at 02457. 

s • Error Procedure: 

(1) If data are being entered through the t;ypewri ter, depress 

RESET and INSERT, type 4902126, depress RELEASE and START. 

Corrected or new change data _y now be entered normllly. 

(2) If data are being entered au-ough the card reader, NON fI\(lCBSS 

RUNOUT cards in hopper, find offending card, correct it, put 

cards beck in hopper at that point (i.e., the corrected card 

followed by cards yet to be processed), preas START _on card 

reader, depress RESET and INSERT, type 4902126, depress 

RELEASE and START. 

Alternatively, after card(s) bas been corrected it is possible 

to reload the entire deck, iDCluding the COST CHANGER deck, 

and go through the procedures in (2) except type 49i9840. 

6. Operation _y now proceed to RHS ~ER, or SOU1l'ION (or COST CHANGER 

again). 

D. Right Hand ~ (Bequire_nt) Change.: 

a. Place RHS CHAJlGER deck (followed by RHS cbange data deck if input is 

II) 

e 

A'!--

o 

by cards) in card reader hopper. 

2. Press START on console and on card reader. 

3. RHS CHANGER itself loads and a stop at 02125 is expcuted. 

4. a. If RHS changes are on cards mke sure Sense Switch 3 is off 

and depress START on console. 

b. If RHS changes are to be entered frOlll the typewri ter, turn 

Sense Switch 3 on, and press START on console. (RELEASE and 

START must be ilepressed after each entry--don't forget last 

entry of ~~ • 

5. If all goes well the data will load and the program will stop at 

03475. 

Just like the COST CHANGER it is possible fer strange happenings 

because a change has been entered tor a non-existent identification 

number. In this case the l;cuputer will halt at 03201. 

a. Error Procedure: 

(1) If data are being entered through the typewriter, depress 

RESE'! and INSERT, type 4902126, depress RELEASE and START. 

Corrected or new change data _y now be entered nOrlMlly. 

(2) If data are being entered through the card reader, NON PROCESS 

RUNOUT cards in hopper, find offending card, correct it, put 

cards back in hopper at that point (i.e., the corrected card 

followed by cards yet to be processed), preas START on card 

reader, depress RESET and INSERT, type 4902l26, depress 

RELEASE and START. 

No alternate. IH~." li"Y ... a IIY* s8.1I. 81psall, .-aeulled, 

(Bee above e, 5., a., (2)). 

6. Operation l118y now proceed to COST CHANGER or 50U1l'ION (or RHS 

CHANGER ,-In). 

/0 
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E. ~the~: 

1. Place SOLUTIO'I deck in card reader hopper. 

2. Set Sense Switch 1 on to type iterations, off to omit iteration 

typem;t. 

3. Set Sense Switch 4 on to obtain punchout of fina 1 matrix, off to 

suppress punching. 

4. Depress START on console (and if needed on card reader). 

5. Error Stops: 

a. 02545 Dual A1Z~"ithm-In~onststent MatriJc 

h. 02665 Simplex Algori thm-Unbounderl Sol uti 0n 

It may hf' rossible to obtain the solution existing at the time 

of either of these stops by NON PROCESS RUN OUT the card rea rler, 

put pack in the hopper that portion of the SOLUTION deck be-

* ginning with card number '100, RESET and INSERT, type 4919i'l40, 

RELEASE and START on the console and START on the card resder. 

After all output is complete, a halt at location 02845 will be 

executed. Operation may now proceed to DA.TA LOADER, COST CHANGER, 

or RHS CHANGER. 

F. ~ Stops: 

01137 Floating Point Overflow 

01299 1i'loeting Point Attempted Division by Zero 

While overflow causes a halt at either of the two above addresses, 

underflow causes the result to be set to zero, and processing continues. 

/7 
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APPENDIX B 

INPUT FORMAT 

Prologue: There are three basic types of data input: 

Input for DA.TA LOADER (A below) 

Input for COST CHANGER (B below) 

Input for RHS CHANGER (C below) 

A. Input for DA.TA LOADER: 

1. First rata Input Card - Header Card. The first card of the data 

deck must be a card containing the case identification. Only the 

first five columns (columns 1-5) are read by the program. ExpliCitly, 

columns 1-5 of the first data card uay contain any alphanumeric 

characters to identify the problem being run. 

2. Second Dllta Input Card - Parameter Card. The second data csrd mUllt 

contain certain infonation needed by the program. Namely, 

~ 

1-3 
4 

5-7 
8 
9 

Infol'll8tion 

Number of restrictionll. 
Blank 
Number of non-basis variables 
Blllnk 
Input type code (one digit) Sll follows: 

1 for row-column, fixed point input 
o for a complete (include zeroa) 

floating point .-trix 

Example 

006 

008 

3. !he data, following the above two cards, can be in one of two fOl'llllts: 

a. Row-Column, Fixed Point Input: Up to four elellll!nts with row-column 

Jies1gnations uay be entered on each card for thill type of input. 

f,g 

o 

6, I 



In general, the fOI'lllllt is as follows: 

element 
~ .-~---~\ 

XXXbXXXbXXXXXXXXXX 

where b stands for blank column. 

There are four fields per card for data: 

Columns ColUIIIDs Columns for 

~~~ 

Field 1 

Field 2 

Field 

Field 

All other columns are not 

anything else. 

1-3 5-7 

21-2'3 25-27 

41-43 45-47 

61-63 65-67 

9-18 

29-38 

49-58 

69-78 

used by the program and my be used for 

~ ~ ~!!!!. ~ ~ digit ~ ~ ~ digit!. ~ ~ 

~ !!!!. !!! ignored and the other columns of that field may be used 

for anything else. Hence, data cards do ~ have to have a complete 

set of four elements, ~ is it required that the left hand fields 

be used first, ~ is it required that consecutive fields be used. 

~ Mltrix elementa my contain up to eight numeric digits with optional 

leading sign and mndatory decu.l point. Loading of zero elements 

is optional. 

IMPORTANT: The signal to the MTA r,a,.lER to quit loading is a three 
(~-) 

digit value of i .. OOO. This !DUst be in the last data card in a field 
the 

to/r1ght (if other values on the card) of the last element. The. best 

tatDg is to have a card with 000 punched in columns 1-3 and then have 

this card as the last card in the data deck. 

/9 
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(Fixed Point Input continued) 

~ 

ai,j 

bi 

ci 

Cj 

Description Row-Column 

Mltrix element in the i th ~ """ 
row and of the jth non-basis XXX XXX 
vector. 

Element in the i th row of 
the requirement vector 

J= 000 

Cost per un! t of the basis 
variable for row i 

j =- 001= OOJ where 
J is a flagged one. 

Cost per unit of the jth 
non-basis vector 

i - 001 .. OOJ where 

J is a flagged one. 

;.. ,..,..., 
XXX 000 

',. 
xxx OOJ 

ooJ xxx 

Remrks-Examples 
...: i iMfr.i e1ItJrlt.,.+ 

010 604 36.075 
003 004 -4.0 
008 017 -.6 
008 017 -0.6 

008 000 6.025 

Expressed in fixed P9int 
wi th the followins formt: 

ID COST 

XXXOOJ~ 
~ ;n cost a •• Ulled 
C ;~7~ ':;ilve coat denoted 

by flag (ll punch) over units 
position of cost. 

012 OOJ 0003001500 Here 
cost is 1.5 

012 ()OJ 0016005999 Here 
coat is -5.999 

Re.arks same as above. 

OOJ G!4 0034123456 Hwre 
coat is 123.456 

S~ry of MTA LOAD input for row-colWID, fixed point input. 

(OOO-~~~~\ 
Iii .. "ok ~_ 

~~jJ 

JQ 
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b. Input for Floating Point Matrix: In the floating point mode, the 

~ D8trix (including zero elements) is loaded in ~ order. 

(See storage layout in Appendix E). Seven ten digit floating point 
D8trix 

numbers must be punched in/column order in each card in columns 1-70. 

Elements of a new D8trix column follow immediately the last element 

of the old D8trix column (i.e., a new matrix column does not 

automatically start a new card). A record D8rk (0,2,8) punch must 

be placed in column 71 of each card. If the last card does not 

re'luire a full 7 elements, the record D8rk must instead follow 

directly behind the last digit of the last element. ALSO, the 

last card ~ have a record D8rk in column 72 (or else you will not 

terminate loading). Columns 73-80 you have for your 0Im pleasure. 

'n1e floating point representation is the same all used in Ib20 SPS. 

Note that the optional matrix punch out of the SOWTION deck pre-

pares a datJldeck in this fOl'llllt. 

.:J/ 

8-.<.:1.. 
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APPENDIX C 

OUTPUT 

1. Results of iterations are typed only if Sense Switch 1 is on. If it 

is desired to monitor the course of the solution only occasionally, this D8y be 

done by setting Sense Switch 1 on and off periodically. The following points 

should be borne in mind: 

a. P\'Ige headings for iteration output are typed only if Sense Switch 1 

is on at the beginning of the solution. 

b. The iteration count is reset when the dual algorithm is finished 

and control passes to the simplex algoriths. 

The informtion which may be typed includes the iteration count, the 

current value of the profit function (floating point), the last variable to leave 

the basiS, and the variable which entered the basis. 

~. Final Basis Output: 

The final value of the profit function ill given in floating point. 

For each final basis variable, the following informtion is supplied 

(in fixed point): 

a. Identification/cost coefficient. 

b. Activity. 

c. The lim1ts of the cost coefficient over which the current solution 

is optimal. 

d. The variables which 11m1 t the range of the cOllt coefficient and will 

enter the baBis if' a 11m1t is exceeded. 

3. Final Non-Basis Output: 

For each final non-basis variable, the following int~td.on is given 

(in f1lr.ed point): 

L' - , 

:2,J-



a. Identitication/cost coefficient. 

b. Shadow price _ the penalty to the total system it a unit of thh 

variable 111 forced into the final solution. 

c. The limits of activity over w~ich the shadow price applies. 

d. The variables which limit the range of applicability of the shadow 

price. The uper limiting variable is the one which would leave the 

basis if the ... ociated non-basis variable were torced into the 

• olution. 

5. A punchout of the canplete final _trix is optional under control of 

Senae Switch 4. The deck punched out contains the Header and the Parameter 

cards and is in a farat which is sui table for direct reloading by the 

Ill. LOlIER routine. 

;(3 

o 

C-1. 

o 

B. Input!:2!:. ~ CHANGER: 

1. Cards: One element only per card. For each cost coefficient to be 

changed, a ten digit ID/nev cost element is punched in columns 1"-10 

in the following fOl'llBt. 

ID New Cost 

,~ /~-"~ . ~'--" 
Decimal point assumed here • 

Nes-tive cost is signified by a flag oyer the uni til pod tions. 

2. Typewriter: As above--ten digits typed in without any spacing 

between digits, but t.lediate!y follorid by a record I118rk. 

3. IMPORTANT: Termination of loading is rec08llized by II field of four 

zeros, 0000. These are punched in colUllll'l8 1-4 if entry 1.8 0;' ~"':' .. 

or typed in as OOOOt:tf entJ-y is by typevri ter. 

C. Input!:2!:. ~ CHANGER: 

Por each requirement elelllent to be changed, a four digit identification"', 

and the change amount are entered. The identification entered i. that for 

the original basis variable for the row whose requirellent is to be changed. 

The identification fonet is XXXX. 

The second entry for each change is the ~ ~ ~ ~ Original 

requirement !! ~ ~~. Its fonet ill XXXXXXXXXX. 

1. Cards: One elelllent only per card. 

Columns 1-4 ColUIIDB 5-8 Col~s 9-18 ~ 
ID Blank Change Miouut 

'MiX '"b'bbb r XXXXXXXXXX ' 0012 -0.75 

The change amount l118y be any nUilber (fixed point) up to eight digit. 

with .ndatory ded_l point and optional leading .ign. 

;l. 1/-' 

0-~ 

o 



o 

but a record mark JIIWIt i_diately toll"" each entry. 

2. 'l',ypewTi ter. same as above' RELEASE and START will have to be 

depreased between entry at the ID and the Change Amount. 

3. IMI'OR':MJI'l': Tendnation ot loading is recognized by a tield ot tour 

zeros, 0000. These are punched in columns 1-4 it entry is by card 

or typed in as ()(XX)Ut entry is by typewriter. 

4. Coat changes and/or requirement changell may be made in unlimited 

mahers on any Bingle run. It both types of changes are to be Dade, 

"the order in which the two changers are operated is of no consequence. 

It ahould he noted that changes -:I' he initiated under the procedures 

ghen in Appendix A either i_diately atter loading s matrix or at 

the conclusion of the output phase. It the output phase 111 inter-

rupted hef'ore its cOlipletion, hovever, the computer is not conditioned 

to accept changes. 
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SAM,j)lB C~€ OA-'rA 

~ 

~ 
'-l 

.... " 
....... . .... ~. 

~ 

TESTl 

005 004 1 

001 001 1. 001 002 3. 001 003 -1. 002 001 2.0 

002 002 1.0 002 004 -1.0 

003 001 -1. 003 002 3. 

004 001 1.0 

004 002 1. 

005 001 1. 

005 002 -1. 

001 000 6. 

002 000 4. 

003 000 10. 

004 000 6. 

005 000 2. 

001 OOJ 000599999R 002 OOJ 000699999R 003 OOJ 0007000000 004 OOJ 0008000000 

005 OOJ 0009000000 

OOJ 001 0001001000 -000 

T'(pe.....,t.I1£.(Z.. OUTPVI R>12-

CASE TESTl 

ITER NO FUNCTIONAL VAR OUT 

n01 ~42003998n I)o0599999§ 

n02 ~144000001f n00699999§ 

FUNCT IONAl ~1440000011 

VAR/COST ACTIVITY LIM VAR 

n00200200~ 1.6000 11004 

nOO 1 00 10ob' 1.2000 '0003 

n007oo0000 6.4000 1)003 

D008000000 3.2000 Do04 

n009oooo00 2.4000 nD04 

VAR/COST SHAO PRICE LIM VAR 

1)o0699999§ 999.7990 1)009 

n00599999§ 999.3989 1)007 

11003000000 .6000 1)002 

D004000000 .2000 1)001 

OOJ 002 000200200~ OOJ 003 0003000000 

OOJ 004 0004000000 

:5kMPI.-~ C.,IKIS. 

VAR IN ~ ,J, .• ~~,+ .pj,~.1 
der( .. d,Yl~ CII\ :5tnse.. 

I)o0200200~ :l",.fc-.k I. 

1)0010010011 

lOWER lIM LIM VAR UPPER LIM 

3.0000- '0003 .5000-

4.0001- '0004 .6667-

.4285- nD04 .1666 

.5000- 1)006 2"99.4975 

.2500- D003 1.0000 

lOWER LIM L1MVAR UPPER lIM 

3.0000- DOOl 2.0000 

4.5714- D002 4.0000 

4.0000- Do07 4.5714 

2.0000- 11009 3.0000 

o 

o 

0 
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o 

o 

00,,9 1. 

0004 -I.!> 

0000 

0001001000 

0002002000 

0000 

I. STORAGE USElh 

APPEND IX E 

S'TCRA;;E LAYOUT AND LISTINGS 

;!emory locatio')s froll' 00048 thr""gh 3747 are usod by th~ progral1. Loc~tiuns 19840-19963 are used fvr .. pre-gram 

Ic~d rcuti'le, Loc:ti",n~ ",,,(,4, 1S;965-0M44 are used fur a c'r-:1 in,'ut .re~ for data, he'1ings, and program input lit . 
is. ')V'fiCV"r, f'05sible tJ ",. 000JJ-:'''0047 for inserting). ,',Iemory fl"Oll1 3749 up to the required location lor 19839) Is 

used for the ... ,t.-ix ,,~d its "'8nirul~tkn, The )otriy. is stor"d in colu'lln sequence ,no uses memory from 03749 upward. 

The following d'i~gra~.~ i .... ,jic~te-5 t..,~ TI.,"'ner in 'u!'"'tjc'" !"'I?"trix elern~nt~ ~re- stcred: 

3760 S+ 1012111+3) ID/Cj S+ 101 I n+l) (m+2)..a) 

S Functional S+1012111+4) S+IOI (n+I)(III+2), 

5+ 101m+~) $+ 101 2m+5) S+IOI 1"+1)1111+2)+ I) 

c 
!i - Incre~sing J 
8 

~ fG,' "10«,., "~".,, '" c 9 ~ 

~ :: 

37'50+ 101 ... 1) s+ ,em s. 101 2m+2) S.1013 ... 4) S+IO( ("+2)(m+2)-2) 

S Is com;:uted for e"ch ?rotlem and Is e'lual to 03760 + 10( ... 31. All addresses are fTeld address ... 

2. PRCffiM~ ORDER I Card nunbers are In col umns 78-80 of progralll decks) 

•• DATA LOADER 

b. COST CHANtER 

C. RHS CH~'IGER 

000-053 

100_101 

D-'-I 

£-1 



d. SOLlmON 300-916 (Not continuous) 

I I) Floating Point Subroutt,nes 300-328 

(2) ShadoW Price 400-423 

1:,\) Dual 500.526 

I~) Simplex 600-628 

1.5), FInal Basis 700.720 

(6) Fix nnd fri nt 750.768 

17·) Non 3asls 600-821 

(8) tt'."trlx Punch 900-916 

,. 00.80 Ifstlngs, wIth remarks, of the '!lachine l","gu3g~ pr9gr:m decks follow. These c,rds are in a format similar to 

the conden~ed output. Spec if I ca II y s 

Con t~"lts Columns 
1-60 
61 

Instructions or const .. nts 
• (record nark) if full 60 columns are us~d. Oth~r wise the record mark is at end 

62 
63-64 
65-69 
70-74 
75 
76-77 
78-60 

of the d~t~ being punch.,d. 
1 
~, Loader' Code 
"'ddr~ss of wher., ttli! first character on th., c?rd Is to be plilced in memory. 
Addr.,ss of wh,rQ th. last charecter wi II f~ II in 'I1""..ory 
Flag 
t40t used 
C"rd s.,quence numb<>rs 

This listing was mad., on .407 !>CCL'unting !.Iachin.,. Sinc., the 407 does not hav., flags, flagged dIgIts wi II appear as 

.Iph"betlcal characters in the J-R range. A flagged zero wi II appeer as a - (',inus) or a zero. IThe 407 was a 

bit recalcitrant.) A record mark prints out as a Z. 

4. In order to allow this program to run on a machine with great.,r than 20K memory, certain changes hav., to be made. Any 

dIgIt In the attached lIst that is marked with an * must be chan9"d. In each C<lse thIs digit wIll be • (one) or 

a J (flag:Jed one). This I lor flagged Il must be changed to a 3 (or flagged 3) for 40K memory, or. 5 (or 

fl~gged 5) for 6()<. I. e., add two to thO! digIt for esch additional 2()< of storage added. 

o 

o 

o 
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o 

00' - O'5'~ 

360007200~00360020100~0044000120027~26000~9002742~000110000026000900026900000000 ~IP~+ ca~~ 

260009~OO2643100000002002600114002742~OOOOOOOOl149000120000'000000000000 -

4'0000000000160231300001370231~00500250232~00400310004802314Z0010040200462000002 

1~0374200000~60231400~00250231700400'10374302314210053203745Z0010046200~22000003 

1600064037901503746000002600019031461103746000K0260006903746Z00100~2200582000004 

2~0232100400310374302318210062803145160001400000250314502322Z0010058200642000005 

430013403145210068400064360231~005003100001023141100684000POZOOI0064200102000006 .. 
450066602385480000000000491984000000Z00000000000000 -10010200738000001 

310231500500250235100400250239100400250243100400250241100400Z0010013400194000008 

430095002316140231300004470087801200160231300001160092502316Z0010019400854000009 

160094902314490073400000110231300001110092500040110094900040Z0010085400914000010 

430093802316490080600000310231402314250374002315250374102317Z0010091400974000011 

2503142023193202318000001402319000P0460103401300320314200000Z0010097401034000012 

2503143023232503744023252503145023273202326000001402327000POZOOI0103401094000013 

460111801300320374500000330231800000330232600000320314000000Z0010109401154000014 

140314200000460213401200320314300000230374500069210009900069Z0010115401214000015 

330009900000210009803142210009800063490227400000260212000099Z0010121401274000016 

440141403145160231100000250041602331110130400001110130900002Z0010127401334000017 

1102311000011402311000J04701298012003202348000001402349000POZOOI0133401394000018 

460141801300320042500000330235000000160130400416160130902331Z0010139401454000019 

320041600000490211400000Z000000 0 -10145401418000020 

440149403142490128600000Z000000 0 -10147401498000021 

2502351004003103126023303203126000001403721000P0460165401300Z0010149401554000022 

1403127000K0460163401200430165403121330166500000320372800000Z0010155401614000023 

310372603728490166600000Z000000 0 -10161401638000024 

320166500000490160200000Z000000 0 -10163401658000025 

3301665000001600417000"0160172003727160170803728320170200000Z0010165401714000026 

140111400003460178201200110112000002110110800002110041700001Z0010111401774000027 

490170200000Z0000000000000 -10111401786000028 

260182901108260182401720120182400001310181801818430188603127Z00101782018420000.!9 

310312603728120041700001450183003727490080600000Z0000000000000010184201890000030 

16014650000916019450372116019600041816019650372745019540000020010188601946000031 

490202200000Z0000000000000 -10194601958000032 

250000000000110194500002110196000001110196500002120146500001Z0010195402014000033 

490193400000Z000000000000 -10201402026000034 

260206401960120146500001460209001200150205800000110206400001Z0010202202082000035 

490203400000Z0000000000000 -10208202094000036 

440211401665320042500000260211400425490080600000Z0000000000000010209002138000037 

~ 2602212000641202212000J9230006900073320009500000210009900069Z0010213402194000038 

~ 21000990006932~2206000001102212000J01200099000J0470220601200Z0010219402254000039 
~480000000000491984000000Z000000 -10225402278000040 

330374300000320009500000490126200000Z00000000000000 

OOOOZOOOOOOOOOOOOOOO 

-10227402310000041 

1010231002314000042 

480000000000Z000000000000 -10231402326000043 

~ 36t996~00~0044r99.40003926t98810003825f9851f987626t990600033Z001j9840'9900000044 
~ 31t9900t996526199300003825f9924f985149!984000000Z00000000000000l'9900~9948000045 

The data load routine rnda 
and stores pare",eters for 
the problem. It then pro­
ceeds to load and st.ore the 
matrix In the proper format. 
In the cllse of fixed point 
input, storage locdions a". 
computed fro", the row/cal""" 
deSignations, and the Input 
a laments ara converted to 
floating point notations as 
they are read "nd stored. 



* ~ 261996200038491995600000Z000000 0 

ft 111 
-IJ9944J99680000 46 

L600000005004900000Z00000000000 
-10009600115000047 

36001000050036001120050036002440050036P031600500360000 000500000000000000000 0 48 

000000000000102030400020406080003060902100408021610050015102006021814200Z000
0049 

704112820080614223009081726300000000005060708090012141618151811242720242Z0000050 

822363520353045403632484455324946536048465462754453627180123456789123456Z0000051 

1890234567890J34561890JK4567890JKL567890JKLM67890JKLMN7890JKLMN0890JKLMNZ0000052 

41000000000049004020P90JKLMNOPOZOOOOLI0038800019M90000000000M9000360000000000053 

or 

tOo - 10'1 

480000000000460215800200360251100500490218203400000001023602Z1010211402114000100 F,.~+ C~~J 
~ 5110010032025110000014025140000046f9140012004902254002003400Z1010211402234000101 

000001023803137001002602193000192602296000641102296000042400Z1010223402294000102 

000025144602448012001102296000J01202193000J04702290012002602Z1010229402354000 103 

193000142602392022962102392000692400000025144602468012002102Z1010235402414000104 

392000691202193000J04102386012004826024980229649024800260249Z1010241402414000105 

8023921102498000062600000025204902126ZZ00000000000000000000 1010247402512000106 

000000000000 

The !:ost ch4Inse routine reads ID/cost elements, s.arch.s th. _trix for It corrltspm.dtng 
identification number, and stores the new cost coefficient in the proper location. 
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Rl-ts 

1600~3600~38490043401600~3600~SI26011970000026011120044S1601Z1010040200462000200 fKt lA.~ • Q~ C~~ 

124000001101124000014600494014004901128004692601176000002601Z1010046200~22000201 

187018274900000022011860117649005709260118601176150084700001Z1010052200582000202 

16008570118726010920118922011780118947007020110026011760119711010058200642000203 

260119701186260118601176210109201189260117801189320117800000Z1010064200102000204 

1~011980000014011180000Q470109401300440077401197320119800000Z1010070200762000205 

330119700000210085701178440082201186330118600000150084700002Z1010076200822000206 

15011780000015011890000021011980000025010930119833011980000011010082200882000207 

4300986011894301034011904600966012001101190011Q1Z50119800557Z1010088Z00942000Z08 

~IZ0109200001460089401300260119101826490110602601198011973101Z1010094Z0100Z000Z09 

190000001101092000014601126014001501189000001101198000054300Z1010100Z0106Z000210 

~8601189440109401093320119700000260118901092Z600000011974900Z1010106201122000211 

000048260115100469260051700000490050600000000000000000 

OOOOOOOOOOOOOOOOOZZOOOOOOOOOOOO 

Z1010112201182000212 

1010118201200000213 

160053601256150175300002160111200099320119000000490045804301Z1010120001260000214 

~ 276011904900966043012900116948220118901168250132501116330117Z1010126001320000215 

"'J 600000150116800000160134700000110134700001210117601176430139Z1010132001380000216 

401168490135001601441018372501428311691101441000002301175000Z1010138001440000217 

002601411014411201417000042601166000002201166000933201162000Z1010144001500000218 

00230111601165Z601186C1937220118600096~20117800000Z301186011Z1010150001560000219 

8633000820000015000810000J2100090011862601186000902301186011Z1010156001620000220 

652100095000951201341000014701622012002601186000944401694013Z1010162001680000221 

253201186000002301186011971101189000N02501093000992601092011Z1010168001740000222 

192601191000924601714013004900966047008820140049011260000000Z1010174001800000223 

onoooooooOOOO J90692R080J74077P568J601280405J4Z1010180001860000224 

8Z49N490J38013M759J29099M164J21267L674J14332L266J08147K922JOZI010186001920000225 

2S97K630J000000000160053601910150175300003490122404301990011Z1010192001980000226 

9049009~60430201001169490096603201169000001201168000Nl230119Z1010198002040000221 

1011762101189011684901718ZZ00000000 1010204002066000228 

410000000000460221.00300370348500500250229203485250229303487Z00102114~2174000229 

250229403489250229503491250229600400490224200000Z0000000000000010217402222000230 

340000000102360229200100320229200000140229500000460346401200Z0010221802218000231 

470232200300340000000108370312700100490241400000Z0000000000000010227802326000232 

3203500oo0001403501000P0460239001300430239003501250352100400Z0010232202382000233 

490240200000Z000000000000 -10238202394000234 

2503519004003103726035003203726000001403727000P0460255 001300Z001023900Z4S0000235 

1403727000K04602S3001200430255003727330213700000320372800000Z001024500ZS10000236 

310372603728490256200000Z000000 0 

320213700000490249800000Z000000 0 

-10251002534000237 

-10253002554000238 

(JL, 3302137000001602117000"0160261603727160260403728320259800000Z00102~5002610000239 
~ 140261000003460261801200110261600002110260400002110211700001Z0010261002610000240 

490259'00000ZOOOOOOOOOOOO . -10267002612000241 

260272502604260212002616120272000001310271402714430271203721Z0010267102738000242 

310372603728120211700001450272603727490212600000Z0000000000000010213802716000243 

160225300009160214103727160285602111160286103727450285000000Z001027.202142000244 

490291.00000Z000000000000 -10214202154000245 

The ,..qulrement change routine ,..,cIs 
lIerlable ldentiflc.tlon "Ullbers end 
chan,es for the assocleted requlre.ent 
.'ement. The che.,. I. conllerted to 
floating point not.tlens, the metrlx 
Is seerc".d for the Identification 
numller, .lId the requirement lIector Is 
updated. 
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250285002850110284100002110285600001110286100002120225300001Z0010285002910000246 

4902830000ooZ000000000000 -10291002922000247 

260296002856120225300001460298601200150295400000110296000001Z0010291802978000248 

490293000000Z000000000000 -10297802990000249 

440301002137320212500000260225300079260305200064110305200004Z0010298603046000250 

2403046022954603192012001103052~OOj01202253000j0470304601200Z001030460310600025i 

260225300074260314803052210314800069240~14202295460327201200Z0010310603166000252 

1202253000J0470313001200480000000000Z00000000000000 -10~16603202000253 

260325103052210325100069110325100006160046903263160044503240Z0010319203252000254 

490042202125490212600000Z000000 0 -10325203276000255 

2603355031481103355000j6260339100064210339100069260225300079Z0010327203332000256 

160046903367~60119703344490193802125160046903403160044503380Z0010333203392000251 

4900422000991103355000JOII03391000J01202253000J0460H3201300Z0010339203452000258 
.... 

. ~ 490212600000480000000000491984000000Z00000000000000 -10345203488000259 

000000000000 -2114000260 
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If=',v.,+ Co. ~ d s.Lv-n 0,,", 
1600536005"490043401600536005582601197000002601112004451601Z 10 10040200462000300 l f .. ,>\- e ..... .," F'_ ..... '1 Po.,,+ s ....... ~f\~ 

124000001101124000014600494014004901128004692601176000002601Z1010046200522000301 

187018274900000022011860117649005700260118601176150084700001Z1010052200582000302 

160085701187260109201189220117801189470070201100260117601197Z1010058200642000303 

!60119701186260118601176210109201189260117801189320117800000Z1010064200702000304 

15011980000014011780000Q470109401300440077401197320119800000Z1010010200762000305 

330119700000210085701178440082201186330118600000150084700002Z1010076200822000306 

150117800000150118900000210119800000250109301198330119800000Z1010082200882000307 

~430098601189430103~01190460096601200310119001191250119800557Z1010088200942000308 

120109200001460089401300260119701826490110602601198011973301Z1010094201002000309 

190000001101092000014601126014001501189000001101198000054300Z1010100201062000310 

986011894401094010933201197000002601189010922600000011974900Z1010106201122000311 

000048260115100469260051700000490050600000000000000000000 0 Z1010112201182000312 

ooooooooooooooooozzoooooooooo 0 1010118201200000313 

160053601256150175300002160111200099320119000000490045804301Z1010120001260000 314 

2760119049009660430129001169~8220118901168250132501176330117Z1010126001320000315 

600000150116800000160134700000110134700001210117601176430139Z1010132001380000316 

401168490135001601441018372501428011691101441000002,01175000Z10101380014.0000317 

002601477014411201477000042601166000002201166000933201162000Z1010144001500000318 

0023011760116~2601186019372201186000963201178000002301186011Z1010150001560000319 

863300082000001~000810000J2100090011862601186000902301186011Z1010156001620000320 

6~21000950009512013470000147016220120026011860009.4401694013Z1010162001680000321 

253201186000002301186011971101189000"02501093000992601092011Z101Cl~'C~174~nOO'22 
£-/1 
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o 

o 
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892601198000924601774013004900966041001120140049011260000000Z1010174001800000323 

000000000000- J90692ROSOJ14077P568J601280405J4Z1010180001860000324 

8249N490J3801'3M759J29099MI64J21261L61"JI4332L266J08141K922JOZIOI0186001920000325 

2591K630J000000000160053601970150175300003490122404301990011Z1010192001980000326 

9049009660430201001169490096603201169000001201168000Nl230119Z1010198002040000321 

1011162101189011684901718ZZ00000000 1010204002066000328 t.U+ ( ... .,4 - Ffoc-.-+-"'I r-t ... f S~~..,-Ao....,~ 

16024120378026021130006426022530007911021 73000J02603 75800000Z 1010211402174000400 J;.,+ <A .. ~-

320315300000220315801822470223001200260376001826490246601603Z1010217402234000401 

152000H33303153000001602337031531602429018181602436037592503Z1010223402294000 402 

150037583303158000002503759031554302394000001102337000011203Z1010229402354000403 

152000011102429000011202436000014902326026024170233131037530Z1010235402414000404 

000026037600181833037590000044024660375032031600000026000000Z1010241402414000405 

31601102472000J01202253000J047021500120026024120006421024720Z1010247402534000406 

00692102472000691102173000J026021610006926024890006926022530Z1010253402594000401 

00141602448026481602455000M12602520026474902150M902668320316Z1010259402654000408 

000000490246602602659000742602110000642102710000692600000018Z1010265402114000409 

262602871027102602847027101102847000J01602799031802602253000Z1010211402714000410 

79260316001826210376000000460288401200160046902847260119103111010211402834000411 

60490193800000160046902883160044500000490042200099110219900011010283402894000412 

JOI102847000J01202253000J04102176012001102841000K02102811000Z1010289402954000413 

* * ~691202659000J0460275201300361996400500340000000102391996500111010295403014000414 

~ 0039000490010034000000010234000000010216026590000436f9964005Z1010301403074000415 

~ 0047031120010039f9965001003400000001081202659000014103064012Z1010307403134000416 

~OO34000000010249r9840Zl00000000 
0000000000000 

43416245000Z0000000000000 

496345590055560Z000000000000 

4664554363495655415301000000000 

0000654159005664630Z10000000000 

1010313403156000411 

-2114000418 

419 

420 

421 

422 

The shadow price calculator converts 
all cost coefficients to flollting 
point notation and evaluates ZJ -Cj 
for eoch non-bas i s I/ar I ab Ie. 

00006541590049550Z0000000000000 423 z..s+ Ct...t - 5j..IlJo... P",c.c, 
2600023018262603440000792602185000642102185000691102185000JOZI010211402174000500 M'~~ ca~- Dv~1 

24000230000047.0222201100260222102185260002 300000 1203440000JOZ 1 0 10211402234000501 

~41021620120044f984000023260002302205160356000000260341600014Z1010223402294000502 
260231202221260241300064210241300069210237200069260242502312Z1010229402354000503 

210241300069240000001126460241601300160046902425260119700000Z1010235402414000504 

4.0120000000240009900023470241601100260002300099260352402372Z1010241402414000505 

2603560024131203416000J0470233001200140356000000470254601200Z1010241402534000506 

4'"11000000026026840352426027010356026034400007926026650352421010253402594000507 

160269603770260278003524260270103560160046902665260119702545Z1010259402654000508 

490120000000260376000099260000001826260377000000260000001826Z1010265402714000509 

1102696000JOI102701000JOII02701000J01203440000J0460269001300Z1010211402774000510 

260000002545260285702221260286402221260341600014160046902857Z1010277402834000511 

260119703760490193800000260000000099210285700069210286400069Z1010283402894000512 

1203416000J046028220130016029840~770260302500064210302500069Z1010289402954000513 

160309703770260344000079220377001826460321801200260308502221Z1010295403014000514 

160312100000260341600074260314003121120314000008160046903097Z1010301403074000515 

The dual algorithm cOlllputes e faaslble 
solution for the problem. Its operation 
may be monitored allowing the typing of 
the value of the functional and the 
Identifications of the variables be'",£" 
entered Into and removed fr"Oftl the basis. 
I t shou I d be noted In th I s '""9I'rd that 
the objectives of feasibility and 
optimality may not be cOIIpatible at 
this point, and therefore, the functional 
nta y ac tu~ I I Y decrease f rom one i terat ion 
to the next while the dual algorlthlll Is 
In control 

~~~: ~r c r:~ t~e=u~!! ~n i ~f m!~ ~~t~~e;! I ne 
whether the resul t i ng quant I ty has a 
magn i tude I ess than an .. out ceU ed 
'essenti al zero.' Any elenttnt fa I ling 
Into this category Is set to zero In 
order to avoid cOlapuhtion with nUllbers 
which are not significant. 'Essential 
zero' has been set to 10-8 • I ts val lie 

(the correspo'dlng f 1000tlng point 
exponent) is foceted In memory addresses 

£-13 



26011910000049019380311016004690313316004450000049004020009911010301403134000516 

1400000000M3410359801300210308500069210314000069210312 10006911010313403194000511 

1203416000J04603062013001102984000JOI103091000JOI103025000JOlI0I0319403254000518 

1203440000J0460291801300260331302221260336103560120336 1000JOlI010325403314000519 

26033680336122033130006926033800331326000230000026000000000011010331403314000520 

26000000002311036310000141021140010034000000010238036290010011010331403434000521 

340000000108260351103313260354103361260350500064210350500069l1010343403_94000522 

26031460000038031310010034000000010826031460000038031310010011010349403554000523 

34000000010826031460000038031310010049021140260361603121260011010355403614000524 

000018264903158000lZ00000000000 1010361403633000525 

031~4 .nd 03145 (C.,.d No. 517) .nd 
m.y be chlln~d if desl,.ed. If thIs 
chan~e Is m.de, it Is Impo,.tant to 
note that the high O,.de,. dl gft lIIust 
ca,.,.y • f I.g. 

000000000000- -2114000526 14~ c,.~J - 0"" I 

250366803141260002301826260354800074260219700064210219700069Z 1010211402174000600 ~,,,.l ~trJ - $ ..... p Ie ')I 

210219700069240002300000470223401100260223302197260002300000Z1010217402234000601 

~2102197000691203548000J04 7021860 120044 f98400002 3260002303522Z 1010223402294000602 

160348100000260363200079260238002233260243302233260242100064Z1010229402354000603 

210242100069490254202400000018264702518011001600469024332601Z1010235402414000604 

197000004901200000002400099000234662518011004602586012002602Z1010241402474000605 

493023802603746000002600023000992603481024211203632000J04602Z1010247402534000606 

630012001102380000JOI102421000JOI102433000J04902374026026090Z1010253402594000607 

238024037460000047024700130049025180140348100000470266601200Z1010259402654000608 

48"110000000260280402493260282802233260363200079260278502493Z1010265402714000609 

160281603770260290002493~60282102233160046902785260119702665Z1010271402774000610 

490120000000260376000099260000001826260377000000260000001826Z1010277402834000611 

1102a16000JOII02821000JOII02828000J01203632000J0460281001300Z1010283402894000612 

260000002665260297703481260298403481260354800074160046902977Z1010289402954000613 

260119703760490193800000260000000099210297700069210298400069Z1010295403014000614 

120354aOOOJ0460294201300160310403110260314500064210314500069Z1010301403074000615 

160321703710260363200019220371001826460333801200260320503481Z1010301403134000616 

16032410000026035480007426032600324112032600000816004690321721010313403194000611 

260119700000490193803770160046903253160044500000490040200099Z1010319403254000618 

1400000000M3470310601300il03205000692103260000692103241 0006911010325403314000619 

120354aOOOJ04603112013001103104000JOI103217000J01103145000JOZIOI0331403374000620 

1203632000J04603091013002603469022331203469000J026034760346911010337403434000621 

22034110006926034880348126000230000026000000000026000000002311010343403494000622 

11 0,.61000cH4 702126QOl OCh40000000 102380366500 1 00340000000 1 08"Z 10 l034J40~55400062 ~ 

26036.S034.1260364903469260361300064210361300069260374600000Z1010355403614000624 

38037370010034000000010.26037460000038037370010034000000010811010361403674000625 

2603746000003'037310010049021260260372403241260000001826490311010367403734000626 

~ 2710000000000lZ00000000000 1010313403748000627 

~ 0000000000000 -2114000628 

~49r9a400030034001000010226026450006421026450006936r996400500Z1010256202622000700 . - . ~ 391996Soo10026199840000034000100010aLI19975001P0340000000102Z1010262202612000701 

~34000000010216035250000636t99640050039t99650010012035250000111010268202742000702 
4702706012003400000001022603313000641103313000J0260336102645Z1010274202802000103 

1103361000J02603005033612103005000192602993030051102993000JOlI010280202862000704 

2602957030051102957000K0260353700079260075002658260074002585Z1010286202922000105 

The simplex algo,.lthm sta,.ts with any 
f .. asible solution ane romputes the 
optimal feasible solution. Its ope,.atlon 
mey be monito,.ed by ., lowing Itentlon 
typeout as in the case of the du.1 
., gori thm. 

The discussion of 'essentIal zero' IS 

applied to lhe dua I al gol"l thm is ~qu.1I y 
valId for the simplex .'gol"lthm •. In this 
case, the test value is located in 
memo,.y addresses 0326~ and ()3265 ICard 
'-10.619) 

In the case of • tie In the quotient. 
norm.' Iy used as the c,.lte,.lon .for 
choosing the v.,.ll!!ble to IUd the 
basis on .ny ite,.atlon. the choice 
Is·,.esolved by using the '.,.gest 
denominato,. IS • second.,.y c,.ltel"lon. 
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160012500000160011500000160303600000260308902951260310102957Z1010292202982000706 

160307700000160314900000260320503005260352500014220000003698Z1010298203042000707 

460320601200160046903089260119700000;'90120000000440315800000Z1010304203102000708 

240009900750470320601100260075000099260073000000490320602400Z1010310203162000709 

099007404603206013002600740000992600720000002103036000692103Z1010316203222000710 

0710006921 030*90006921031010006921031490006921032050006912"032 10 r031f203282000711 

".' * 4 525000J0410303001200261991200000340000000 1023819913001 00320 lZ 10 1032.2033U000712 

955000002101948000002600.00007143400000001083800797001002603Z1010334203402000713 

421033132600760000003200755000004403478007603300760000003203Z1010340203462060714 

513000004903490033035130000026007690076015007700000033019550Z1010346203522000715 

00003200740000002701948007402600800007243400000001083800797021010352203582000716 

01003300750000-0cf330i 955000002701948007501102957000JO 11 0"-1 ~oZi 010358203642000717 

~ 00JOI103361000J01203531000J047028980120049r98400000000000107Z1010364203702000718 

070700310107070000ZZ00000000000 

00000000000 

1010370203721000719 

-2562000720 

32019560000031007.0036994402008019473301947000001600799000KOZI010194802008000750 

2600760036981401939000N44702064011001600757R9999490214801201Z1010200802068000751 

939000M14102i36013001602135019402102135019391501939000002100Z1010206802128000752 

160019414402442019551602219000041602287007531602282007811602Z1010212802188000753 

243007531602250007813201951000004402276019574302264007531600Z101021 •• 02248000754 

781060004902218033(')195100000250018100753110228700001110224302101022 .. 102308000755 

000111022820000211022500000212022190000147022200120044024160Z1010230802368000156 

195633019560000033019570000016022190000549023120340000000108Z1010236802428000757 

390078100100421400799000K04702478012003200760000002100760007Z1010242802488000758 

70470252201300160079900000490214801600799000K049021487070707Z1010248802548000759 

003707070700ZZ000000000000 

0000000000000 

466455436349565541530Z000000000 

0065415921435662630000010000000 

00004143634965496368000Z0000000 

00534954006541590000000Z0000000 

000000S356664S590053495400000l0000000 

1010254802561000760 

-2574000761 

762 

763 

764 

765 

766 

767 
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534954006541590000000Z000000000 

6457514559005349~40Z00000000000 761 t...,-!- (4 .. J F.~ ~ P.-.,,-~ 

~ 340001000i02L4001000010216032530000636t99640050039t99650010011010256202622000800 F • .,,+ Ca." AJ ...... &Sll 

120325300001410259801200340000dbpl02260321700064210321700069Z1010262202682000801 

210321700069260326S032111203217000J02602861032171102861000KOZI010268202142000802 

2602.9102861220219100069260290902897220290900069260322400074Z1QI0214202802000803 

260075002585260074002574160071500000160072500000160294000000Z1010280202862000804 

260299302861260300502861160298100000160305300000260310902909Z1010286202922000805 

260325300079220000003438460311001200160046902993260119700000Z1010292202982000806 

490120000000440306200000240009900740470311001100260074000099Z1010298203042000807 

260072000000490311002400099007504603110013002600750000992600Z1010304203102000808 

730000001102940000J01102981000JOII02993000JOII03005000J01103Z1010310203162000809 

053000JOI103109000J01203253000J04702934012002600800000003400Z1010316203222000810 

000001023800791001003201955000002701948000002600800007143400Z1010322203282000811 



0000010e,e007970010027019~800740~600800007243400000001083800Z1010328203342000812 

7970010027019~8007502102861000692103211000692103265000691203Z1010334203~02000813 

~22~000J0470280201200~9r-98400000000000ZZ000000000000000000 0 10103~02Q3~40000814 
0000000000000 -2562000815 

00654159214356626300000Z0000000 816 

0062~e~14400515~4943~50l0000000. 811 

0053~9540065~1590000000l0000000 818 

000000535666~5590053495400000Z0000000 819 

53495~0065~1590000000Z000000000 820 

645757~5590053~9540Z00000000000 

~702n~01)4003102860000~8160287400000110214400005140214403024Z0010211~02174000900 F.~t 4,'" M,jv. ~ It"",", 

~70213801200390286100400250001900400310286000016250007400~OOZ0010217402234000901 

310286~00071150286800000250286302858250286702858250286902858Z0010223~02294000902 

110221800001140228802936470228201200160293900000330293600000Z0010229~02354000903 

380286000400320293600000260262900064110262900001260259302629Z0010235402~14000904 

230006900073320009500000210009900069210009800018210009902629Z0010241402414000905 

260249200099250248600~00260256900099150007900000150007400000Z0010241402534000906 

110293900001110259300070140259302558460271401300250285902582Z0010253402594000907 

260261202593250260600400310286002618330293600000380286000400Z0010259402654000908 

320293600000260268402593250261802859260262902593490253400000Z0010265402714000909 

460277401200250286002858110273200001140273202930470272601200Z0010271402774000910 

260279702629310286002786250293100400330293600000380286000400Z0010277402834000911 

• -=:. 4800000000004919'~000000ZOOOOOO 0 -10283402858000912 

1010285802859000913 

1010285902860000914 

-10286002812000915 

Pro~lem parameters. header, and 
the final matrix are punelled into 
cards if C311ed for by the setting 
of Sense Sw itch ... 

ZOOOOOOOOOOOOO 

OZOOOOOOOOOOOOO 

410000000000Z000000000000 

0000000000000 
-2114000916 ~ /. • .,t- c, .. J 

LJ....t~-t (" • .1 

M4+."jI 1'" ... ,,­
c:;OL- .... n'w 

o 

o 

o 



o 
-INE FOLL.OWIA)4 fA6-eS A~e 

,. ~rA~~Oc(t. 

2. MltTtLI .... R.~.. ~'L"r ___ _ 

\ 

~PS /Isimtfs lOv ~ rn"('i!l:m_'t_~"~ ___ ~_:md~L5+_--,a.IiLLS----=:l..H,tuIO."~--_ 
lA"j"yt~{ (,VD1tu- WClS r~Q.J 1~.Jo Wlt'MO~1 (;,<M\~_~" -Ic.pe- _~_~ 

~JL.. p,,"~J o.A"lI\ C4~'. '" ~ h:wYJllII.+ k:w UM~.,Ue.JSPS 
101 J J . --r1vse ~.~"~"'_<:~4L (~~t"~_~ J. '1l.Jr-4 .. J .. ~L~-----, _,,_~~_c It'. ___ ~__ C4_"". ., r 

It\,,~ -tt... ~S .. ,,-..j v~H'ot"" f.o" ca~J I /6, 

c-Zo 

0 
DA"'~ i-f»rOf!!- ra.. SPS t..1':.T1 AJG-

36000 720050 0360 020100500~40001200275260005900274250001100000260009000269000 

26000 950026 4310 u00000200260011400274250000000011490001200000000000000000 
----_.--------

00402 DORG 402Z 0 

00402 48 00000 OUUOO H 0 

00414 16 02313 OV0-1 TF~ CNTR.l.10Z 0 
---- .--------

00426 37 02315 00500 START RACD AREA+ll 

00438 25 02325 00400 TD AREA+ 11.400l 0 

00450 31 00048 02314 TR CASE-I0.AREAZ 

00462 15 03742 0000- TD~ iNPUT-4.0.11l 

00474 36 02314 00500 RNCO AREAl 0 

00486 25 02317 uv4CC TD AREA+3.400l 0 

00498 31 03743 02314 TR iNPUT-3.AREAl 0 

00510 21 00532 03745 SSTR+10.iNPUT-ll 0 

00522 16 00064 -3790 SSTR TF~ SADDR .W+30. 7l 0 

~ 
00534 15 03746 00000 TO~ iNPUT.Ol 0 

0054~ 26 00079 03746 MSTR TF M.iNPUTl 0 

00558 11 03746 0001(0 AM iNPUT.20.10l 0 

00570 26 00069 ':;3746 ~2<;TR TF MAIIID2.iIllPlJTl 0 

00582 25 02321 00400 TO AREA+7.400l 0 

00594 31 03743 02318 TR i NPIIT-3 .AREA+4Z 0 

00606 21 00628 03745 A NSTR+IO.iNPUT-IZ 0 

0 00618 16 00074 -0000 t.lSTR TFM Nl 0 

,;-,." 

---- - ---------------------------------_ .. 



00630 25 03145 02322 

00642 43 00134 03145 

00654 21 00684 00064 

00666 ~6 02314 00500 

00618 31 -0001 u2314 

00690 11 00684 OOOPO 

00102 45 00666 02385 

00114 48 00000 vouoo 

00126 49 19840 00000 

00134 

00134 37 02315 00500 I 

00746 25 02351 00400 

00158 25 02391 00400 

00710 25 02431 00400 

00782 25 02411 00400 

00794 43 00950 02316 

00806 14 02313 000-4 

00818 41 00878 01200 

00830 16 02313 000-1 

00842 16 00925 -2316 

00854 16 00949 -2314 

00866 49 00734 00000 

00878 11 02313 000-1 

00890 11 00925 -0040 

00902 11 00949 -0040 

00914 43 00938 -2316 

00926 49 00806 00000 

00938 31 02314 -2314 

009~O 7~ 03140 02315 

00962 25 03141 02311 

00974 25 03142 02319 

00986 32 02318 00000 

00998 14 02319 OOOPO 

01010 46 01034 01300 

01022 32 03142 00000 

01034 25 03143 02323 

01046 25 03744 02325 

01058 25 ry314~ 02327 

01010 32 02326 00000 

01082 14 02~27 OOOPO 

01094 46 01118 01300 

01106 32 03145 00000 

01118 ~3 02318 OOOryO 

01130 33 02326 00000 

01142 32 03740 00000 

01154 14 03742 00-00 

TO 

BO 

INPUT-1.AREA+8Z 

LOAD.INPUT-1Z 

MTXTR+6.~IH)!)I1Z 

MTXRO RNCD AREAl 

MTXTR TR 1.AREA.2I 

AM MTXTR+6.70.10Z 

~NR MTXRD.AREA+71Z 

LSTARTl 

OORG *-3l 

LOAD RA(D AREA+Jl 

TO AREA+77.400I 

TD ARFA+117,400Z 

TO AREA+157,400I 

BO ELOAD,AREA+2l 

ALOAO CM CNTR.4,10Z. 

~NE dLOAOI 

TFM CNTR.lo 10Z 

TFM CLOAO+11.AREA+2l 

TFM DLOAO+II.AREAl 

B !-OAOI 

BLOAO AM CNTR,l,IOI 

AM CLOAD+l1.40Z 

AM DLOAD+11.401 

CLOAD BO DLOAO,AREA+2,7Z 

B ALOAOZ 

OLOAD TR AREA,AREA.1Z 

ELOAO TO INPUT-6.AREA+1Z 

TO INPUT-5.AREA+31 

TO INPUT-4.AREA+5I 

SF AREA+4Z 

-----_ .... _ .. - .. ---.----

o 
o 

o 
o 

o 

o 

o 

o 

o 

o 
o 

o 

o 

o 

o 

o 

o 

o 
o 

o 

o 

o 

o 

o 

o 

o 

o 

- _._--_._._---- ----.- -- ----_ ... _._--- ---------_._------
CM ARF.A+5,70.1ryz 

BNL TRCOLI 

SF INPUT-4Z 

TRCOL TO 

TO 

TO 

INPUT-3.AREA+9Z 

I NPUT-2 .AREA+ III 

INPUT-l."REA+13l 

~F AREA+12Z 

CM AREA+13.70.10Z 

BNL ACLFLI 

SF INPUT-1Z 

ACLFL CF AREA+4Z 

CF AREHl2Z 

SF INPUT-61 

CM INPUT-4.0.91 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 
o 

o 

o 

o 

.;;,------

o 

o 



o 

o 

o 

01166 46 02114 01200 

01118 32 03143 00000 

01190 23 03145 00069 

01202 21 00099 00069 

01214 33 00099 00000 

01226 21 00098 03142 

Oi238 21 00098 00063 

01250 49 02214 00000 

01262 26 02120 00099 

01274 44 01474 03745 

01286 16 02311 OOV-O 

01298 25 00416 02331 

01310 11 01304 000-1 

01322 11 01309 000-2 

01334 11 02311 000-1 

01346 14 02311 OOOJO 

01358 47 01298 01200 

01370 32 02348 00000 

01382 14 02349 OOOPO 

01394 46 01418 01300 

01406 32 00425 00000 

01418 33 02350 00000 

01430 16 01304 -0416 

01442 16 01309 -2331 

01454 32 00416 00000 

Oi466 49 02114 00000 

01474 

01474 44 01494 03742 

01486 49 01286 00000 

01494 

01494 25 02351 00400 

01506 31 03726 02330 

01518 32 03726 00000 

01530 14 03727 oouPO 

01542 46 01654 01300 

01554 14 03727 OOOKO 

01566 46 01634 01200 

01578 43 016'4 03727 

01590 33 01665 00000 

01602 32 03728 00000 

01614 31 03726 03728 

01626 49 01666 00000 

01634 

01634 32 01665 OUuOO 

01646 49 01602 00000 

01654 

8E OUTZ 

SF INPUT-3l 

M 

A 

CF 

A 

B 

TF 

I NPUT-l.MAN02Z 

99.MAND2l 

99l 

98.INPUT-4l 

98.SADDR-IZ 

XCLRl 

STORE+6.99l 

BNF ROWMIl.INPllT-lZ 

INITI TFM 1.0.I0l 

TRIO TD EXP-l.AREA+17Z 

AM TRI D+6.1o 10Z 

TRIO+ll.2.10Z 

AM l.l.10l 

CM I.I0,10Z 

SNE TRIOZ 

SF AREA+34l 

CM AREA+35,70.10Z 

.BNL BCLFLZ 

SF EXP+8l 

BCLFL CF AREA+36l 

TFM TRIO+6.EXP-1Z 

TFM TRID+11.AREA+17Z 

FLSET SF EXP-1l 

B STOREl 

DORG *-3l 

ROWMl1 BNF TREL,INPUT-4l 

o 
o 

" 
o 

o 
o 

.0 

o 

o 

o 

o 
o -_._------ ------------

Q 

o 
o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

IN1TIl _______________ ____________________ 0 ___ ---

DORG *-3Z 0 

TREL TD AREA+37,00400Z 

TR INPUT-20,AREA+16l 

SF INPUT-20Z 

CM INPUT-19,70.10l 

BNL CLRFLGl 

CM INPUT-19,20,10Z 

BE NEGZ 

BD CLRFLG.INPUT-19Z 

CF SIGNl 

SHFTSN SF INPUT-18l 

TR INPUT-20,INPUT-18Z 

B FLOATZ 

OORG *-3Z 

NEG SF SIGIIIl 

B SHFTSNZ 

DORG *-32 

o 

o 

o 
o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 



01654 33 01665 00000 

01666 16 00417 OOONO 

01678 16 01720 -3721 

01690 16 01708 ~3128 

01102 32 01102 COOOO 

01114 14 01114 000-3 

01126 46 01782 01200 

01738 11 01120 0~0-2 

01150 11 01708 000-2 

01762 11 00417 000-1 

01114 49 01102 OOOOC 

01182 

01182 26 01~29 01108 

01194 26 01824 01120 

01A05 12 n18~4 000-1 

01818 31 01818 01818 

01830 43 C1886 03121 

01842 31 03126 03128 

01854 12 0.0411 000-1 

01866 45 01830 03121 

01818 49 00806 00000 

01886 

01886 16 0146~ 000-9 

01898 16 01~45 -31~1 

01910 16 01960 -0418 

01922 16 01965 -3727 

01934 45 01954 00000 

01946 49 02022 00000 

01954 

01954 25 00000 00000 

01966 11 01945 000-2 

01978 11 01960 000-1 

01990 11 01965 000-2 

02002 12 01465 000-1 

02014 49 01934 00000 

02022 

02022 26 02064 01960 

02034 12 01465 000-1 

02046 46 02090 01200 

02051 15 02058 00000 

02070 11 02064 000-1 

02012 49 02034 OOUOO 

02090 

02090 44 02114 01665 

02102 32 00425 00000 

02114 26 02114 00425 

CLRFLG CF SIGNZ 

FLOAT TF~ EXP.SO.I0Z 

TFM DEC+6.INPUT-19Z 

TFM FLDDEF+6.INPUT-18Z 

FLDDEF SF *Z 

DEC CM *.3010l 

BE SHFTDCZ 

AM DEC+6.2.10Z 

AM FLDDcF+6.2.10Z 

AM EXP.1.10Z 

B FLDDEFZ 

DORG *-3Z 

SHFTDC TF *+41.FLDDEF+6Z 

TF *+30.DEC+6l 

SM *+1801o10Z 

TR *.*Z 

lRTST BD TRSMT.INPUT-19Z 

TR INPUT-20.INPUT-18Z 

BNR ZRTST.INPUT-19Z 

B ALOAnz 

DORG *-3Z 

TRSMT TFw CTR.9.10l 

TFM TST~C+ll,INPUT-19l 

TFM STRDIG+6.EXP+1Z 

TFM STRDIG+ll,INPUT-19l 

TSTRC BNR STROIGl 

B FILLZ 

DORG *-3Z 

STRDIG TO l 

AM TSTRC+ll.2.10l 

AM STRDIG+6.1,10l 

AM STROIG+ll,2.10Z 

SM CTR.l,10l 

B TSTRCl 

OORG *-3Z 

FILL TF STRZR+6,STROIG+6l 

SM CTR,I,10l 

BZ SIGNSTl 

S TRZR TOM * .Ol 

AM STRZR+6.1.10Z 

FILL+12Z 

OORG *-32 

SIGNST 8NF STORE,SIGNZ 

o 
o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

£-u. 
- -------

-- ---------------------------------------- --- ----------------
SF EXP+8Z o 

STORE TF *.EXP+IZ o 

o 

o 

o 



o 

o 

o 

02126 49 00806 00000 

02134 

02134 26 02212 00064 

02146 12 02212 000J9 

021~8 23 00069 00073 

02170 32 0009S 00000 

02182 21 00099 00069 

02194 21 00099 00069 

02206 32 02206 OUOOO 

OZ2Ie 11 02212 OOOJ0 

02230 12 00099 OOOJO 

02242 47 02206 01200 

02254 48 00000 00000 

02266 49 19840 00000 

02274 

02274 33 03743 00000 

02286 32 0009S 00000 

02298 49 01262 00000 

03760 

00079 

00074 

00069 

00064 

03746 

00058 

01665 

01465 

00417 

B ALOAOZ 

OORG *-3Z 

OUT TF FLG+6.SAOORl 

SM FLG+6.19.10l 

M MAN02.N-ll 

SF 952 

99."'AN021 

A 99."'AN02Z 

FLu SF *Z 

AM FLG+6.10.10l 

SM 99.10.101 

BNZ FLGZ 

H 

LSTART2 

oORG *-3Z 

XCLR CF 

w 

M 

N 

SF 

B 

OS 

OS 

OS 

MAN02 OS 

SAOOR OS 

INPUT OS 

CASE OS 

SIGN OS 

CTR OS 

EXP OS 

INPUT-.3Z 

95Z 

INITI-24Z 

• 3760Z 

.79l 

.742 

.692 

.64l 

.3746Z 

.58Z 

.CLRFLG+l1Z 

.FLSET+l1Z 

.START-9Z 

02311 2 00000 DC 2.0Z 

02313 2 00000 

02314 48 00000 00000 

19840 

19840 36 19965 00500 

19852 44 19944 ,0039 

19864 76 !9887 .0038 

19876 25 19851 19876 

19888 26 19906 '0033 

19900 31 19900 19965 

. !9912_~6 __ !9!3_~_ ,0038 

19924 25 19924 19851 

19936 49 19840 00000 

19944 

19944 26 19962 '0038 

19956 49 19956 00000 

ZOOO 0000 000 

CNTR DC 2.0Z 

ZOOO 0000 0000 

AREA H 

DORG 19840Z 

LSTART RNCO LAREAZ 

BNF LOUT.LAREA+74l 

TF LCHA+ll.LAREA+73Z 

LCHA TO LSTART+ll.*l 

LTR+6.LAREA+68l 

LTR TR *.LAREAZ 

TF LBACK+6.LAREA+73l 

LBACK TO *.LSTART+lll 

LOUT 

LGO 

B LSTARTl 

OORG *-3l 

TF LGO+6.LAREA+73l 

*Z 

o 
o 
o 

---_._---- -_._._-----_._------------
o 
o 

o 

o 
o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

a 

a 

o 

o 
o 

o -------
o 

o 

o 

-602310023120 

a 

-602312023140 

o 

a 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 



_.-------------------_._-----------------------------------------
1996~ o 
19965 00000 

DORG .-21 

lARFA D~ II ... -.... ~ .. -.--.----.----------
00402 DE NO 00402Z o 

L600 0000 05004900000Z0000000000 -'OOO"OOIUO 

36001 000050 0360 017200500360024400500360031600500360000000500000000000000000 

102 030400020406010003060902100408021610050015102006021814200110 
.-- ... --------------

70411 282008 06}4 223009081726300000000005060708090012141618151111242720242100 

82236 352035 3045 4036324844S5324946H604(j4654627S44S362711012345671~.~~.3~_~.~O~ .. ____ ...... _ .. _ . __ 

78902 345678 90J3 4567890JK4567890JKL567890JKlM67890JKLMN7890JKLMN0I90JKl,..Z00 

MlCOO 000000 0490 04020P90JKLMNOPQZOOOOLI0038800019M90000000000M90003600000000 

----------------------._-----

------------------ ---

~HS CHAAJ6-e..R,.. SPS t,..I's.-tlnj ----------

, .... n'''5'' ., . ., 81.,1.,.,S., •••••• II • .,if5' •••• S' •• if.iS • .,.tt ••••• i • ., •• ' ••• I"'~ 

1.0ee nOOl6 .'10 .000001881680114001'41"'000.0011.,101110' •• 88 •• 8., • .,., •• '81'0 

02114 DORG 21141 0 

02114 41 00000 00000 H Z 0 

02126 46 02218 00300 GO BC3 READTYZ 0 

021_" 31 03485 OOSOO RUOCO RACO RAREA+IZ 0 

02150 25 022.2 03ltl5 TP IDIN-3.RAREA+1Z 0 

02162 25 02293 01487 TO 10IN-2.RAREA+3Z 0 

02174 25 022.4 03489 TO 101 N-l.RAREA+5Z 0 ------

021'6 25 022.5 034.1 TO 10IN.RAREA+7Z 0 

021.8 25 02296 00400 TO 10IN+1.400Z 0 

02210 4. oin2 00000 B GONEZ 0 

0221. DORG ·-3Z 0 

0221. 34 00000 00102 R£AOTY RCTY Z 0 

OU30 36 02292 00100 RNTV 101"-3Z 0 

02242 32 02292 00000 GO"E SF 10IN-32 0 

~02Z54 14 02295 0-000 CM 101".0.8Z 0 

(J02266 46 0,.... 01200 BE RHSOUTI 0 

02278 47 02322 00300 BNC3 TRCH"GZ 0 

022.0 34 00000 00108 TABTY TITY Z 0 

02302 '37 03727 00100 RATV IMP-19Z ° 
02314 49 Ol414 00000 B FISHI"Z 0 

02322 DORG ·-32 0 
If·~' 

o 

0 

0 



o 

o 

OZ3" 3Z 03500 00000 

OZ3'. 1. 03501 OOOPO 

023.6 .6 023'0 01300 

02358 .3 023'0 03501 

02310 25 03SZ1 00.00 

02382 .9 02.02 00000 

02390 

02390 25 03519 OO~OO 

02.02 31 031Z6 03500 

02.1~ 32 03126 00000 

02~26 1. 0~127 OOOPO 

02~38 .6 02550 01300 

02~50 1. 0~121 OOOKO 

02.62 46 02530 01200 

02414 43 02550 03121 

02486 33 02131 00000 

~ 02498 32 03128 00000 

" 02510 31 03726 03121 

02522 49 02562 00000 

02530 

02530 32 oiii1 OOOofi 

02542 49 02498 00000 

02550 

02550 33 02137 00000 

02562 16 02117 OOONO 

02514 16 02616 -3121 

02586 16 02604 -3128 

02598 32 02598 00000 

02610 14 02610 000-3 

02622 46 02618 01200 

02634 11 02616 -0002 

02646 11 02604 -0002 

02658 11 02117 000-1 

02670 49 02598 00000 

02618 

02618 26 02725 02604 

02690 26 02720 02616 

02702 12 02720 -0001 

02114 31 02714 02114 

~ 02126 43 02182 03121 

Q( ~ 02138 31 03126 03128 

~ 02150 12 02111 000-1 

02162 45 02126 03127 

02114 4' 02126 00000 

02182 

02782 16 02253 000-9 

T.CHNG SF RAREA+16Z 

SINTST CM RAREA.11,10,10Z 

lEAOIG BMl SET35Z 

lEAOEC 80 SET35,RAREA+17Z 

TO RAREA+31,400Z 

8 IIIOVERCZ 

OORG .-3Z 

SET35 TO RAREA+35,400Z 

NeVERC TR INP-20,RAREA+16Z 

flSHlN SF IMP-ZOZ 

CM INP-19,70,IOZ 

8Nl ClRFLGZ 

CM INP-19,20,10Z 

BE NEGZ 

BO CLRFlG,INP-197. 

CF SI6NZ 

SHFTSN SF IHP-18Z 

TR IHP-20,l~-18l 

B FLOATZ 

OORG .-3Z 

NEG SF SI61lZ 

B SHFTSHl 

ClRFlG CF SI6HZ 

FLOAT TFM EXP,50,IOZ 

TFM DEC+6,INP-19Z 

TFM FlOOEF+6,INP-18Z 

FlOOEF SF .Z 

DEC CM .,3,IOZ 

8E SHFTDCZ 

AM DEC+6,2,7Z 

AM FLDOEF+6,2,7Z 

AM EXP,loIOZ 

B FLOOEFZ 

OORG .-3Z 

SHFTOC TF .+47,FLOOEF+6Z 

TF .+30,OEC+6Z 

SM *+18,1,7Z 

TR .,*Z 

ZRTST 80 TRSMT,INP-19Z 

TR IHP-20,IMP-18Z 

Sill EXP,I,lOZ 

8HR ZRTST,IHP-19Z 

8 GOZ 

OORG *-3Z 

TRSMT TFM CTR,9,IOZ 

COMPUTER 
TECHNOLOGY 

o 
o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 
o 

o 

o 

o 

o 
o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 
o 

o 

£-v 



02794 16 02141 -3727 

02806 16 02856 -2118 

02.11 16 02861 -3127 

02'30 45 02aso 00000 

02'42 49 02911 00000 

02850 

02850 25 02850 021S0 

02862 11 02141 -0002 

02874 11 OZ.S6 -0001 

02"6 11 02 .. 1 -0002 

02898 12 02253 000-1 

02910 49 02830 00000 

02918 

02911 26 02960 02'56 

02930 12 02i~~ 000-1 

~02942 46 ?29.6 01200 

(,,).1 02954 15 02954 00000 

02966 11 02960 -oooi 

02978 49 02930 00000 

02986 

02986 44 030io lff137 

02998 32 02125 00000 

03010 26 02253 00079 

03022 26 03052 00064 

03034 11 03052 -0004 

03046 24 03046 02295 

03058 46 03192 01200 

03010 11 03052 OOOJO 

03082 12 02253 OOOJO 

03094 41 03046 01200 

03106 26 02253 00014 

03130 21 03148 00069 

03142 24 03142 02295 

03154 46 03272 01200 

03166 12 02253 OOOJO 

03118 41 03130 01200 

03190 48 00000 00000 

Ii\. 03192 

~ 03192 26 03251 03052 

03204 21 03251 00069 

03216 11 03251 -0006 

03228 16 00469 -3263 

03240 16 00445 -3240 

03252 49 00422 -2125 

03264 49 02126 00000 

~----~------~~~--~ ... ~~~~ 

TFM TSTRC+l1,INP-19Z 

TFM STRDIG+',EXP+IZ 

TFM STRDIG+l1,1~-19Z 

TSTRC BNR STROIGZ 

B FILLZ 

DOItG *-3Z 

STROIG TO *,*Z 

AM TSTRC+l1,2,7Z 

AM STROIG+6,I,lZ 

AM STRDIG+l1,2,lZ 

SM CTR.l.10Z 

8 TSTRCZ 

DORG *-3Z 

FILL TF STRZR+6.STRDIG+6Z 

SM CTR,I,IOZ 

8Z SIGNSTZ 

STRZR TOM *.OZ 

AM STRZR+6.1.7Z 

8 FILL+12Z 

DORG *-3Z 

SIGNST 8MF *+24,siGNZ 

SF EXP+IZ 

ILP 

JLP 

TF CTR,fIIIZ 

TF ILP+6.SAODRZ 

AM ILP+6.4.1Z 

( *.IDINZ 

8E FOUNDll 

AM ILP+6.10.l0Z 

SM (TR.lO.lOl 

8NZ ILPZ 

TF CTR.NZ 

TF JLP+6.ILP+6Z 

A JLP+6,MAND2Z 

( *.IOINZ 

BE FOUNDJZ 

SM (TR.lO.lOZ 

8NZ JLP-12Z 
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