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PRINTINO AND CHECKLNO FOR LINEAR PROORAMMINO CODES 

H.  A.  Judd 

The print subroutine in the LP code Is quite dependent 

on the master code both for Instruction and for data. It Is 

never called Into high speed storage unless the data is ripe 

for printing. It does not have to know whether the printed 

output will prove a good or bad omen for the operator. 

An Individual print-out consists of m + 4 lines of 

Information. The first line is the problem identification 

that the operator assembled when the data was loaded originally. 

The second line specifies the current iteration number, the 

stage number, the form number (i.e., the row index of the 

current objective fom being optimized) and the caption 

describing the type of print-out. There are 14 different 

captions, each of which is Intended to be descriptive of the 

reason for printing.  On five of the print-outs, the program 

prints  S IS XXXXX   on the second line so the operator 

will know that the activity XXXXX came into the basis on 

the completed Iteration or cycle. 

The third line is a set of headings which identify the 

different columns of printing on succeeding lines. The first 

column is labeled J and denotes the activity names for those 

columns which are currently in the basis.  The second column 

is called BETA, indicating the current solution. The third 

column is I for the row index i which runs from 0 to m. The 
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fourth column Is variable, depending on the type of print-out. 

It may be headed by one of the following: 

B for b1 (or b1^ In PLF) 

E for ^(T) 

0 for T
1
^^ 

A for o^(T) . 

The fifth may be 

ER for € (error) 

PI for TI|
T
) 

or, for one type of print-out, blaiJc. 

The fourteen captions with the corresponding heads for 

the fourth and fifth coluana are: 

CYCLE PRINT S IS XXXXX E PI 

NEW SOLUTION S IS XXXXX B PI 

CHECK SOLUTION B ER 

END OP PHASE ONE B ER 

END OP STAOE B SR 

NO PEASTBTÄ SOLUTION B ER 

PEASIBIÄ SOLUTION B ER 

OPTIMAL SOLUTION B ER 

PRIMAL-DUAL SOLUTIONS B PI 

UNBOUNDED SOLUTION S IS XXXXX A PI 

RIGHT HAND SIDE OPEN S IS XXXXX a PI 
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MATRIX SINGULAR S IS xxxxx A 

BASIS INVERTED B ER 

THETA AT MAXIMUM B ER 

Before describing each of these types of print-outs, it seems 

necessary to point out that on-line printing is not the only 

conceivable way of getting information out of the machine. 

Printing is very time consuming or, stated in simpler economic 

terms, expensive, as compared with computing time. If too 

mu^h information is printed, it becomes very repetitious and 

boring. If too little is printed, a part of the problem 

solution may be lost which is of definite interest.  In order 

to satisfy the general need, this program offers a choice of 

how much should be output. Sense switches are used to control 

on—line or off-line printing. 

In general, sense switch 3 Instructs the program to write 

the information on tape 6 for off-line printing. If a more 

permanent record of this information la desired, this tape can 

be used to punch cards on the off—line punch. A card would be 

produced corresponding to each line of printed information, so 

these cards could be read and printed by an IBM type ^07 

accounting machine. 

If a snapshot of the current solution at each iteration 

is desired, it is necessary to use sense switch 5 in combination 

with sense switch 3 or ^ or both.  Switch 5 would Instruct the 

program to print a CYCLE PRINT said switch 3 Instructs the 

program to print off—line while switch 4 directs the program 

to print on—line.  In addition to the current solution, 
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ß., the transformation vector E, and the current pricing 

vector, TJ ', are printed. Much of thle Information Is 

retained Internally In floating point form, but the print 

program converts It to fixed point form before printing. 

Per each number It prints eight digits of Integer, a decimal 

point, eight digits of the fraction and the sign. Leading 

zeros and positive signs are not printed. 

During PLP operation a print-out captloned NEW SOLUTION 

will occur every Iteration If • / 0 and switch 3 or 4 is down. 

Since 9 will be non-zero on nearly every Iteration, on-line 

printing would slow up the PLP operation considerably. Hence, 

the additional sense switch control Is used to allow the 

operator to peek at the current solution and then turn It off. 

It Is possible with this arrangement to put all of this 

Information on tape while he slows up the operation just once 

In a while by printing the Information on-line. 

If the operator Is truly suspicious that an error has 

occurred, he may allay his suspicions by pressing sense 

switch 6 down.  This causes the code to check Its current 

solution at the end of the Iteration. The MCR will then scan 

-26 the errors, and If It finds one greater than 2  , it will 

print a CHECK SOLUTION and stop.  If no errors are found 

which exceed 2  , It will stop to indicate the check has 

been performed and allow the operator to return switch 6 to 

Its normal position before proceeding. The Iteration number 

and stage number are displayed on the console. 
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Upon completion of a phase I, the code will automatically 

check the solution, print with a caption END OP PHASE ONE on- 

line (also off-line if switch 3 is down) and punch end-of-atage 

punch-outs.  If an error greater than 2   occurs or if sense 

switch 1 is down, the cod« will stop.  If no error is as large 

-26 
as 2   and switch 1 is up, the code will proceed to the next 

phase without pause. 

When the code completes a stage, it checks the solution. 

Printing occurs only il there is an error or sense switch 1 

is down. If sense switch 3 is down, there will be off—line 

printing too. Restart information is always punched.  After 

the punch-out there will be a program stop if the on-line 

print occurred. Sense switch 1 is used to interrupt operations 

so the operator can take the problem off the machine. 

The OPTIMAL SOUfTION print-out followed by a PRIMAL-OUAL 

SOLUTIONS print-out will always be printed on-line (and off- 

line if switch 3 is down) whenever an optimal solution is 

attained.  After the second print—out, the computer will stop. 

If it has optimized the last objective form, all four sense 

lights will be lit when the computer stops, and pressing the 

"start" button will have no effect.  If the objective form 

that was optimized was not the last, the lights will not be 

turned on, and pressing the start" button will cause the 

code to proceed to optimize the next objective form. 

The THETA AT KAXIMUM print-out terminates PLP operations 

in the same way that the OPTIMAL SOLUTION print—out terminates 

the COMPOSITE operation.  The code does not stop until after 

the PRIMAL-OUAL SOLUTIONS are printed. All of the other 
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print—outs occur on-line (and off-line If switch 3 la down) 

whenever they are applicable. They may be construed as fully 

annotated remarks to the operator. 

There Is another printing program which did not fit in 

the above scheme. It Is the DELTA J MCR which can be used 

at any time to print J and DELTA J, 3 per line, for all 

activities. It Is most convenient and Informative to use 

at the conclusion of a problem. No distinction Is made 

between activities which are In or out of the basis. 

There are only two possible sources of errors which can 

be detected by the LP code. There are errors because the 

704 has malfunctioned, or there are errors associated with 

the problem formulation. Errors of the first type should 

Include those attributed to the LP code and operating errors. 

The program steps are checked as they are entered Into the 

704.  No further checking on the storage of the code is done 

since failures on the 704 are usually drastic failures or 

none at all. The tape units have checking features in the 

hardware, so the LP code depends on these checks. 

If an error is detected while reading a tape, the code 

will automatically space the tape hacKward and try to read 

the information correctly before it uses the data. In fact, 

there may be repeated errors on the same set of data so the 

code will try rereading five times before It stops. Whon it 

stops, the operator may try reading the infoiinatlon again 
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as many times as he presses the "start" button.  If this also 

fails, it may be necessary tc look at the address portion of 

the lights indicating the storage register on the 704 console. 

The octal address shown there will be found in the list of 

error stops so the operator can determine which tape is 

causing trouble and then decide what to do. 

All of the stops in the IP code are effected by using 

the Halt and Proceed instruction so the address part can be 

used for easy reference to the list of stops. If the stop 

is of a type such that it is nonsensical to proceed« the 

next sequential instruction will be an unconditional transfer 

of control back to the Halt and Proceed instruction again. 

Thus, the operator cannot make an error by pressing the 

"start" button when the 704 stops. 

Opposite each listed stop is a short explanation of why 

the program stopped and in which MCR or subroutine the 

difficulty was detected.  If it is possible that the computer 

failed during the current iteration, one can press the 

"reset" and "load drum" buttons on the console to repeat the 

current Iteration. At the end of each iteration, the new 

solution, basis headings, and constants are stored on the 

drum Just for these emergencies. If repeating the iteration 

fails, it is then necessary to back up to the last end-of- 

stage punch-outs. The problem may be restarted from the 

stopping point by inverting the basis and then proceeding 

with the current MCR. 
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Sxperlence has shown that many of the errors can be 

traced to wrong data or, more generally,  to the problem 

formulation.    This should include the errors encountered 

by assembling the problem incorrectly,  key punching errors« 

or even more fundamental mathematical errors.    These 

difficulties may become evident when the 704 starts to 

print with one of the following captions: 

MATRIX SINGULAR 

NO PKASIBUE SOLUTION 

RIGHT HAND SIDE OFEN 

or 

UNBOUNDED SOLUTION. 

Checking, like printing, is at best a compromise since 

it requires time—consuming operations to achieve complete 

checking. The LP code has been designed to perform an 

efficient operation with a modicum of checks and a maximum 

of honest—to-goodness computing. 



V 
P-925 

8-23-56 

APPENDIX 

A „ample problem is given on the following pages. It is 

a fourteen-equation problem which was set up for phase 1 

operation. The phase 1 was actually trivial« as the code 

discovered before the first iteration was computed. After 

the OPTIMAL SOLUTION a parametric programming run was done 

with b^ as the element being reduced. All of the parametric 

run for which Br / 0 was printed. In addition, samples of 

other print captions are given. One shows a list of errors 

In the BR column. 
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1234567890123456789012345678901?3*96789012%45*789 

9 99 
ULLMANS 
14 
2 UP^2 
fIRST P 

2 
3 
4 
5 
9 

NEXT B 

MATP1X 
UP0022 
UP0033 
U^0 44 
rffuni^ 
CRU012 
CRUni5 

cPuniT 
rRU018 
CRumio 
CRUnm 
CRU0112 
CRUOllS 
CRUD114 
CRUn2^ 
CRUD23 
CRUn25 
CRUn27 
CRUrt26 
CRUD28 
CRUr>?!A 
CRU0211 
CRU021? 
CRUD213 
CRUD214 
CRUf53C 
CRim34 
cRun39 
rRU036 
(rRun3T 
CRUn38 
CRUn3,lO 
CRUn311 
CRUn31? 
CRUn313 
CRUn314 

ILLUSTRATIVE 
1 2 
3     upons 4 

9500 
85^0 
8000 
14000 
3900 

LP MODEL  OF 
1 

UP004   5 

OIL   REFINERY SCMCOUUWO 

UP0A5   9        UR009 

5     -10OO 

1 
1 
1 
1   8 
1 
1 

• 55 
» 2 
• 1 
► 04 
• 04 
• 03 
. 0? 
• 02 

1 9 
1 
1 

• 12 
• 61 

• 06 
• 05 
• 04 
• 02 
► 03 
2 
I 
1 

• 5 
► 11 
• 14 
» f\% 

• 08 
. 05 
• 03 
• 04 



a-2 ̂  

12345^7890123456789012545A7890l2S4S67890l2^4^Ä7i9 

-11- 

CPACF6 

CRArF9 
CRACFlft 

CRACF12 
CRACrn 
CRnrri4 
CRArno 
roAm7 
CRACDB 
CRArD9 
CRA^Hl^ 
cRAcnn 
CRAC01? 
rRAcnn 
cRArniA 
rRArs^ 
CRArse 
CRACS9 
CRACS10 
CRAC511 
CRACS1? 
CRACMS 
CRArSIA 
UP0099 
FUFL   0 
FUft   A 

n!r^L7 
STOVFO 
STOVE« 
GAS  " 

U 

10 
11 
12 
13 
14 

GAS 
GAS 
GAS 
GAS 
GAS 
COWPOO 
COMPP10 
coMPr^ 
roMPcn 
^OMP^O 
roMPPi? 

roMPAn 
CASINO 
CASIN14 

FOF 

- 6 
1 
OA 
OA 
04 
Oft 
17 
21 

- 2 

41 
? 
OA 
1? 
U 
21 

1 
1 
3 
3 
04 
1 
14 

? 
3 
2* 
1 
IS 

-4 1 

-4 ? 

-4 ^ 

-3 3 
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UU.MAMS tUÜSTRATlVE LP MODEL OP OIL HEPIMtÄY SCMtOULIIti 

ITERATION     STAO€ OO  FORM 00 BNO OF FKMf ONt 

BETA I W 
• •                                            •                  • 

ÜF002 
ÜF003 
UFOOA 
UP005 

f900«oooooooo        ; 
8300*00000000            3 
6000*00000000            i 

14000*00000000            ! 

► f»00*00000000 • * 
1 «500*00000000 * * 
i tooo »00000000 * • 
)           14000*00000000                         • 

UF009 

• 

3900*00000000            < 

r • • • 

►             9900*00000000                         •                  • 
•                            IC J                     •                                         •                 • 
•                            11 >                      •                                         •                 • 

•                            13 f                     •                                         •                 • 
•                            1! \                                  9                                                                 •                           * 
♦                            l^ *                    •                                      •                ♦ 























a-a m 
,. . . . . ». iX v . - . * ^tifi-PJ** 

ULLMANS ILLUSTRATIVE IP MODEL OF OR REFINERY SCHEDULING 

ITERATION 2  STAGE 00  FORM 00   S IS OIE5L CYCLE PRINT 

BETA PI 

FUEL • 1 
UP002 9500.0C000000 ? 
UP003 esoo.oooooooo 3 
UPOO^ 8000,00000000 4 
UP005 14000.00000000 5 
DIESL • 6 

• 7 
-STOVE • 8 
UP009 39O0.0COOO00O 9 
-COMPD • 10 
-COMPC • 11 
-COMPB • 12 
•COMPA • 1) 
-CASIN • 14 

2*20000004- 
UOOOOOOOO 

1•00000000- 
l.OOOOOOOO 
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ULLMANS ILLUSTRATIVE LP MODEL OF OIL REFINERY SCHEDULING 

ITERATION   1  STAGE 00  FORM 00 CHECK SOtUTIOM 

BETA ER 

FUEL 
UP002 
UP0C3 
UP004 
UP005 

• 
9500.00000000 
8500.00000000 
ecoo.oooooooo 

uooo.oooooooo 
• 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

• 
9500.00000000 
8500.00000000 
8000.00000000 

14000#00000000 
• 

UP009 

ooooo 

• 
• 

3500.00000000 
• 
• 
• 
• 

• 

• 

3500.00000000 
• 
• 

• 
• 

• 
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ULLMANS   ILLUSTPATIVE   LP   "OOEL   Or   OIL   REFINERY   SCHEDULING 

ITERATION        8     STAGE   00     FORM   00 END OF  STAGE 

BETA B ER 

PUEL 1 
t                   • 
•                   • 

ÜPO02 9500, .OJOOOOOO 2 9500»00000000          • 
UP003 85^0, ,00000000 3 8500.00000000          * 
UPOOA 8000, ,00000000 4 8000.00000000          • 
ÜP00 5 14000, ,00000000 5 14000,00000000          • 
DIESL 6 •                   • 
STOVF 7 •                   • 
COMPD 8 •                   • 
UP009 3500, »oooooooo 9 3500.00000000          • 
COMPC 10 •                   • 
COMPB 11 •                   • 
COMPA 1? •                   • 
CASIN 13 

14 
• • 
• • 
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ULLMANS ILLUSTRATIVE LP MODEL OF OIL REFINERY SCHEDULING 

ITERATION STAGE   00      FORM  00 END  OF   PHASE ONE 

BETA 6 
• 

• 
UPOO? 9500, ,00^00000 9500.00000000 
UP003 8500, ,00000000 85O0#O00O0000 
UPOOA 8000, ,00030000 eooo.oooooooo 
UP005 1A0O0, »OOfiOOOOO uooo.oooooooo 
FUEL • 
DIESL • 
STOVE • 
UP009 3500, ,00000000 3500»00000000 
COMPD • 
COM PC • 
COMPB • 
COMPA • 
CASIN • 

CR 
• • 

9^999999.0a000000-' 
9.19n3010* 

5590307« 67140996 
6.09523777- 

.-< 

* 

•     '>• 
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