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XJHIAF FROORAIiCrm 

by   Vfe. Orchard-B&yt (Baad Corp.) 

Eal Judd    (I.B.M.) 

LBOIA Cutler (Rand Corp.) 

llnaar prograating tyatMi vhlch fellaw li the modified il^lex pro- 

ctdura vlth the product fom of Inverse^ It is deelgned to eolTe the class 1- 

cal liasar lat^ua^Itles pröblaa and »ost of Its variations on the IBM 701».   / 

ÜU^-BAIUI RIjniOPilWB 

The basic nachlne needed for this eysten Is the IBM TOU vlth U logical 

dnas, \ tapes and J1O96 vocrds of uaipaetlc core storage.    One additional tape 

■ay be used optionally for storing output results.    One tape nay be used for 

input to the data assembly vhlch Is run prior to using the systen.    Hence the 

Upzt Is froa cards or tape end the output is the on-line printer or off-line 

prlatar.   The card punch Is used by the data assembly and also for punching 

restart infomatlon. 

wmsnm 
The qunstities displayed in a natrlz require tvo Indices, one. for row 

end one for celtam.    Here a rov vector vlll be denoted by a general subscript, 

one of Its elements by a specific subscript, asi 

c.  is a rov rector 

c. is the elenent of Index 5. 

A eolum rector vlll be denoted by a general superscript, one of its 

els—nts by a specific superscript, as: 

bJ is a coltnm vector 

b5 Is the elenent of index 5. 

A natrix vlll be denoted by both a subicrlpt and a superscript, as: 

a* Is a natrix 

a^ is the rov consisting of the elenent of ludex 5 in each col 
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a^ is the COIUMD eooiiitlng of the «IcatBt of Index 4 la Mtch rov. 

ft» It the eleaent la rov 6 and cölian 2. 

The ranges of valuee will be spec If led when the Index it flret aeiitleaed. 

ll Vote that a    It the trantpote of a..    The traatpote of a at - Ix mitt be 

denoted by deflalag a atv letter, e.g., b. » af   defines b. at the traatpote 

of aj. 

For a glrea aatrix of coeffIcleatt a. and a coltan of constantt b , then, 

a tyttta of a slaultaaoout linear equatlont la a usksovnt r vlll be vrlttea 

a, x^ - b (l = 1,  ..., a;    J ■ 1,  ..., a) 

D   l    1        1 
Isttead of   5I*. »   - b   for i » 1|  ..., a.    This ettaaitloe conreation it uted 

vhenever a colutn It Multiplied oa the left by a rot.   A aatrix any be aultiplled 

on the left by a rov rector to produce a rov rector t 

ci ftj " V 
A aatrix aay be Multiplied on the left by a rov rector and on the right by a 

coltan rector to produce a scalar: 

c, .j1 «J  . .  . 

Finally, of course, a aatrix May be Multiplied on either side to produce another 

aatrix by aultiplyiag by a aatrix vith the proper dlaentlont: 

.h    1        h 

uppercase letters (except T) vlll be uted for sets.   The use of letters 

for Indices is as follovt: 

h, i, J, k for general indices 

1, a, n for Halts 

P, Q* r, a for specific Indices. 

When it is desired to Index a quantity over tlae, i.e. iterations, the 

index vlll be encloted  in parentheses, e.g., a #  *  is producei fraa *-("> i after 

t-1 trantforaatlons.   The capital letter T vlll be used as the current Halt far 

t, tlÄt is, T 1B the current iteration mriber aad t - 1, 2,  ..., T. 
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Ve A«fiBt the staadajra linear progrMMlag probl«i In tvo fonw.   Thlp 1» 
\ 

\*e*m% it im wnAmtary to start vlth the Identity aatrlx a« the Initial ba«U i 

la all circt»itaacee.   Certain deviation! froa these etaiklard foraa are dli- 

etiaeed la the detailed vrlte-up. 

BtaPOP TCRM 1 

Oirmi:       A rov of coefficients 01 a linear for» to be optimized 

a°       (> 1,  ..., I) 

A natrlx of restraint coefficients 

a.       (i « 1,  .,., ui    J - 1,  ..., I) 

A colisn of ecurtaate 

b1       (i - 1,  ..., a) 

To findi   A colxaa of values for   x^O (j * 1,  .,., I)   luch that the 

variable   x0    Is aaxlmieed ■ubjeet to 

(1.1) x0 + a° xJ » 0 (J = 1,  ..., I) 

(1.2) a^ xJ ^b1 (1 - 1,  ..., a) 

Bote tiÄt (l.l) la perfectly geaeral «lace the SUB a® x"5 aay be alnialzed or 

iaixed aerely by rhaagiag the tlgns of the a.. To coorert (1.2) to equali- 

ties, we define the variables xl+i > 0 (l- 1, ..., a). Then (1.2) becoaee 

(1.2')       aj xJ + x
Ui = b1 . 

If aj (1 » 0, 1, ..., a; h = 0, 1, ..., a) is the ideatlty »trix of order 

a*l (essentially the Eroaecker delta), then we can deflao 

a1 » 61  aad b0 - 0 
o  o 

1 
a l>h " ^h  for h ^ !» ••• 

(thus defining J - 0 aad J «= 1+1, ..., I>« - n) and replace both (l.l) aad 

(1.2«) by 

(1.5)   aj x*5 - b1  (l - 0, 1, ..., a; J - 0, 1, ..., n). 

If the restraint equations can be put la the form (1.2')i thoa SOMB of the b
1 
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are pemltted to be negatlTe, if neceeeary.   Hoverer the nuHber of AagatlTe b 

should be mall to prevent an exceselye Buriber of Iterations. 

If the reetralntt cannot be epeclfled exactly in the fom (1.2) without 

an excess Ire mafcer of aegatlre b , then the pröbl«s should be put In standard 

for» 2.   It should be noted that the slack rectors   t. .    Introduced above are 
f •♦•n 

legitlaats.   The limit n will be used consistently for the mafeer of legitlaate 

vectors la the systesi (besides a   which is an operational device.) 

8TAHDAHD KMi 2 

Oiveal       A row of coefficients of a linear fom to be optlmlied 

a®       (J = 1,  ..., n) 

A «atrix of restraint cooffici^s 

Sj        (l - 2, 5,  ..., ■;    J - 1, 2,  ...# n) 

A col\am of constants 

b1^ 0   (1-2, 5,  ..., ■) 

To find:   A coluan of values for    x^ s* 0   (j • 1,  ..., n)    such that the 

variable x    is wxiatleed subject to 

(2.1) x0 + a® x^ - 0     (0-1,  ..., n) 

(2.2) ej x"3 - b1    (1 - 2,  ..., m)  . 

Ve nov add to the systea, artificially, the identity aatrix (except 6 

which is always there)    and auxiliary variables   x       (k « 1,   ..., ■)   and ooa» 

struct an auxiliary fom in which the variable x       is to be ■aximised first, 

i.e. before ■axialting x .    This process is called Phase I. 

The purpose of Phase I is to eliminate the artificially added coltans 

from the systsa or at least to sake sure that the correspond lag variables 
# 

bccosK tero.      Hence we put a wAight of unity on each one in the rov of index 

1, which will become the auxiliary form.    Let   a   - » 6,    and for   k - 2,  ...,«? 

'At least one artificial colian, usually the b^ COIUMI, most remain In the 

solution at earo level even while aaximizing the variable x . 
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l«t   an^k -• Bi + ^«    The varlnblet xn+   ar« to be non-negatIre except for a!1 

vhich It defined by 

(2.5) ^ 0. 

nfl 

k-2 

tt+k Clearly xu "^ 0 e»3 If xu      = 0, thon aU x        - 0.   When (end If) this c«i- 

ditlon is attelaed, the artificial variable» are aaintaiaed at. 201*0,  Including 

x      , by conelderine (2.3) ae a restraint equation vhlle ■axlmlzing x    (Phaee II.) 

n^l 1^ If x       cannot be drlTen to zero, there la no solution to (2#2)9xk%0< This con- 

dition Is called Terminal 1. 

The problsn at this point can be displayed In the follovlng augneated fom 

vhere the x   are shown abore the aatrlx of detached coefficients. 

x0     x1 

r 

(S.U) 

1 1 
0 0 

0 ^ 

0 a' 

xn     ^1   j»S   x*i 

.    a. 

.    0 

.    a. 

.    a 

0 

1 

0 

0 

1 

1 

1 

0 

.     X* 

. 0" 

.  1 

.    0 

.    0 

see .   .  .    1 

Since the identity mtrlx still does not appear in (2.10, ve oust woke a simple 

prellninary tronsfansation.    First note, ho»rever, that setting 

(2.5) ^1 ^      O+l      %.!     - .      «    , b       and   x       =• b     for    i « 2, 3,  ...» 

x*3 - 0    for    J » 0, 1,   ..., n 

1-2 

provides an Initial solution in vhlch all variables are non-negative except x     i 

Ttim solution vlll reaaln valid if ve subtract all equations of index 2 through 

■ fro» the auxiliary optlnlzlag fom, row 1.    Then defining oaev 

n+1. 
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1 r5.! 1 B   1 a*     for   J » 1, 2, ..., n;     b   - -^^ 
(2.6) J       13   J 1-8 

•n>k - 0   for k - 2, 3i  ...» ■ 

the row 1 equation takes the fom 

(2.7) «J ** * x**1 -= b1      (J » 0, 1, ..., n). 

furthermore, the colxame   ft    , a   -, ft   « , ...,., ft now fom 6k   . 

The dfttft fteaeably prograa coaputes e. and b ftutOBftticftlly, If »amb, but 

not all, of the colum of & occur In ft. (j^n), then theee coluane eheold be 

indicftted ee being In the initial basis. The data aeeedbly vill then cait the 

corresponding rows In the suns (2.6). This is equlTftlert to adding artificial 

coluans a   .     only for those colusms of K vhich are missing. 

The rectors a    , a       are nerer entered with the data.    They are implicit 

in the code and; once eliminated, cease to exist.   The basis headings, vhich 

are the j-indlces of the columns a. in position h - 0, 1,  ..., m   of the basis, 

are left zero for all artificial rectors since the position h identifies them 

sufficiently.  I.e. they are nerer moved around in the basis.    Legitimate col- 

uans of 6.   nay go out of the basis and come back in out of position.   Bence 

they must hare names, as In Standard Form 1. 

Rote:    The row indices 1 of a. must have the numerical raluen     0, 1,  •.., m, 

but the column indices   J « 1,  ..., n   are used above only for expository 

purposes.    These columns can be identified by any n distinct symbols, of fire 

or less Hollerith characters each, vhich suit the fancy of the formulator of 

the problem.    One convention has been adopted:   legitimate columns of & 

are denoted by   TJP001,   OP002,  ...,    for "Uhlt Poslti▼e,•   vector.   This 

convention is essential only to the re-inversion code. 
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imvr 

Tht teta MBMfcly for th« llasar prograailng eyat« la detlgMd to be 

•xoeuted ladopoBdestly of the ■ein code.    The options for loedia« data froa 

tape or frcs the card reader, to load ^\trlz elearate vhlch are punched ID 

etaadard form or in a fixed field, or for punching out the oatrlx on binar,- 

carda are not controlled by aense avltchea.    Instead, each bit of a vord in 

storage, the SIHBE8 vord, la uaed to control theae functions.    In particular, 

the first three bits correspond to the thret options noted above.    A sero 

would correspond to the switch being up, and a one to the svitch being dovn. 

A binary card aust be Inserted l«aodlately following the transfer card in the 

data assaribly deck vlth the SINSB vord punched in the 9*s left rov.    If the 

data is leaded fron the card reader, a one if punched In pocitlon S of the 

word, I.e. a 9-puach in colunn 1 of the card. 

The nsaa of the problen or any suitable identification la punched in 

eolvana 2 through 12 in Hollerith characters for the heading card.    This infor- 

■ation la punched In a binary card along vlth other data for uae by the aaln 

code vhlch prlnta the Inforaationjas original/punched^ aa the first line on all 

of the output liatinga. 

WCBI» PARAMinB» 

The eaaential paranetere needed are punched in the paraneter card in nor- 

■alized for» for ease In key punching, e.g., n equal   to 77 vould be punched 

in coluana 1 and 2 vhile m equal to 177 vould be punched In colunos 1, 2 and 3* 

If the mafeere are not In noraalized fom on the card, leading zeroe nust be 

punched.   The paraneter card ia aa follcva: 

cola 1-10 ■ (nusfcer of restraint equations)    yna^   7n » ^^^ 
M    11-20 t (number of Phaae I's desired) 
1 •    21-30 q (total ntafcer of Fhaaea) 
' •    51 - ^ Z (i»5«» of B\m ran) 
**    111 • 50 t (mafcer of prelininary transfomatlons) 
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If the SUB row la coaputed prior to aeseablj aad loaded vlth the other 

elcaente, X eheuld be left blaxdc.    Thli I0 aeceeoory if aore than one Phaoe I 

Is desired since there will be as wmaj auxiliary foras as there are Fbaee I's. 

If there is no stai row, leave 5! blank, not zero. 

BASIS HADIWOe 

The basis headings are punched 7 to a cord using as nany cards as needed. 

Ten colusms are allotted for each heading (j) vlth Its colism index (l).    The 

colxaaa index nuet be in normalized for* or leading zeros Bust be punched.    The 

cards are punched as follovs: 

cols.l - 3       1      (colun index for basis heading) 

col. k blank or minus   (a alnus sign vlU cause the aain code 

to treat colum 1 of the initial basis as an arti- 

ficial unit vector, and then to bring the specified 

rector J into the basis arbitrarily.   The znofcer of 

negative basis headings nust agree with paraaeter T,) 

cols.5 - 9       J      (5 Hollerith characters to denote celuHi i of the 

identity aatrix.   These tmit vectors nust be denoted 

I.  UP001, UP002, etc. for the re inters ion code.) 

col.10 blank 

cols. 11-20     OB cols. 1-10 

cols. 6l - 70     as cols. 1-10 

If one of the basis headings is punched erroneously, it can be orervrltten 

without repunching the entire card by succeeding it vlth a correctly punched 

version of the hewing in error.   A heading of zero will be assigned for all 

i's not specified. 

RIGHT HMO SIDE 

The right hand side vector b    is preceded by a card vlth FIRST B punched 

in Hollerith characters in colxans 1-7; folloved by elsswnt cards for non- 

zero entries as follovs: 

cols. 7-9       1      (row index in noraalized for» or with leading zeros) 
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col. 10     9im of olcMBt      (bluk Is iaterpiated aa poolthre) 
eol.ll->  The integral part of the mofcer Is pouched 1B col. 11 on 

depend lug on the mafoer of colwaa needed (8191 It the 
naxlM Integer allowed).    The Integer it •eparated frca 
the fraction by a blank eoliam.   Then, the fractional pert 
it punched using as nany colxans as needed (a naxlii of 
seren coltans nay be used).    The rsaalnlng columns on the 
card are left blank.   For exanple,    ,0k25   vould have 0*122 
punched la cols. 12-15.    Also,    10.0 vould haTe 10 punched 
in cols. 11-12 only. 

An altematlTe nethod has been prorlded to load data vhleh ie punched in 
a 

fixed COITHBS as described belov.    A one it punched in position 1 of the SZNSB5 

vord If data Is to be loaded in this fans. 

coir. U-lU integral part of nusber 
eol.    15 blank 
cola. 16-21 fractional part of mafeer 

If a suppleasntary right hand side c    le to be loaded, a card vith   HUP B 

punched in coluans 1-6 precedes the eleaent cards vhlch are In the saw foons 

aa the elsaenta of b . 

A FIRST B card miat always be used even If, for sane reason, no b   are 

entered, e.g. vhen asseabling a suppleasntary right side or a nev Matrix. 

A card with NUXBIX punched in coluns 1-6 precedes the elenent cards of 

the natrlx a..    If no matrix is to be loaded, this stop Is bypassed by loading 

a card vith BO MATRIX punched in coluns 1-9.    The non-zero elements of the 
A 

■atrix a. are loaded one elesmnt per card as followt 

col. 1 alvays blank    (corresponds to sign colvsn In basis 
heading cards, but must be plus here.) 

cols. 2-6 J    (a five Hollerith character s^nbol to identify 
the colxom).   All of the elements of each colimn vec- 
tor «ißt be In succession. 
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cols. 7—■> rov Index and eloMeot punched lo the ease f«r» as 
i • 

el«fSiits of h . 

A card vlth KP punched In colians 1-3 vlll terminate leading of the 

■atrlz.   A card vlth BOR In coliaoaal-J vlll cause the data assaribly to vrlt« 

the preceding ▼ectcrs on the tape and start a new record vlth the succeeding 

vectors.    If position 2 of the SSTCTß vcrd is a one the data asseablj punches 

the aatrlx in binary.   When It Is loaded by the naln code It Is possible to 

load part, but not all, of the rectors if they have beon separated by the SCR 

breakpoint (see Deflations fron the standard foras.)    Also, a card vlth 

CtBTAIK punched in colxans 1-7 nay be loaded betvesn any tvo Tectore (see 

Deviations trtm the standard fenw.) 

If a SUB x*ov is used for Phase I, then the SUB of each colwB oust be less 

than 8l92 •    This does not apply to the b . 
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DPAnjP WRin-ü? 

The cod«« vhose use are described herein ere designed to prorlde a com- 

plete systea   for solTlsf linear propxnnBing and related preblene vhere no 

special assio^ptleas are nade regard In« the structure of the aodel.    Since 

there are so   aaay ratifications to such a general co^mter progran, even 

for one type of problen, It Is deeswd necessary to Include a considerable 

aaount of explanatory aaterlal.    In vhat follovs, a general familiarity vlth 

the sliylez method vlll be assumed.    For example, no proofs vlll be given 

for the standard theorems concerning basic solutions or the simplex criterion. 

lewever, tne algorithm using the product form of Inverse and certain special 

features built Into the codes vlll be developed In detail. 

The subject ^satter vlll be divided  Into the following sections. 

I Advantages of tht» product form of inverse. 

II Reducing the nunuer of terms In the product.    (Be-inverslon) 

III Deviations f^om the standard forms. 

IV Forms of arithmetic. 

Y       The basis 

VI The Inverse of the basis.    (Product Perm) 

VII The pricing operation. 

VIII Chooelng the basis column to be replaced.  (Degeneracy) 

n Stmmmry of cyclic operations.    (One Iteration) 

Z       The composite algorithm,    (infeoslble solutions) 

XI Parametric programnlng,    (Varying the right hand side) 

XII Multiple phases.    (Varying the optlmlting form) 

I ■ ADVAHTACB OF THE H^CPlgT FORM OF IWVP8I 

In order to appreciate the advantages of this method, It is necessary to 

keep In mind the folloving facts concerning the natrlx of coefficients of a 

typical linear prograaming problem and the requirements of the simplex method. 
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(A) The Mtrijc Is uaually very sparte, the percentage of BOB-zero ele- 

■sots bela^ typically 5 to 1!> per ceirt of the total maber. 

(B) The given data Is alaoet larorlably expreesed vlth a very fev slgnl- 

ficaut figures and  is easily scaled to fit In a restricted range of 

fixed-point numbers. 

(C) SOBB problems have a large mariber of ▼«urlables although the taatmr 

of restraints is not ezcesilTO.    The ratio of number of variables to 

number of restraints is often betveen 5 to 1 and 10 to 1 and actual 

prob leas have been run vith ratios as high as 30 to 1. 

(D) If ■ is the maber of restraint equations, then the essential aanlpu- 

lations of one cycle of the siaplex nethod involve a change of basis 

in luclldean «-space, vhere tvo successive bases differ only by one 

coluan vector.    The rules of elimination in effecting this transfer- 

nation are the sane no natter what particular algorithn is used.    Al- 

though such a transfomatloD Is easily represented,  its total effect 

on the nunsriral representation of a set of vectors,  i.e. a aatriz, 

■ay be extensive.    Furthemore, the validity of each cycle perfonsed 

depende on the accuracy of all preceding cycles. 

Vith these observations in Kind, the advantages of the present nethod can 

be stated as follovs: 

(1) Since the original data netrlx is not transfonsed froa iteration to 

iteration.  It  Is clear fron (A) and  (B) that an elaborate organiza- 

tion of the data can be perfomed at the outset, so that  it is  in 

the Bost convenient and coapact forn for use throughout the problt«. 

Since the original natrix is referred to only once during ihc cycle. 

It can be etored on tape, out of the vay, and  its coapact font alnl* 

ml zee transfer tine as veil as coaputing tiae. 

(2) It is clear froa (C) tl^at it vould be very ezpensive In soae problsas 

to transfora the vholo natrix on each cycle since, even If the ratio 
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of Tftrlablei to roMtralnt»  le, 8«y, only as «uch M 5 to 1,  It la 

•till ▼•ry uxxuiual for the proces» to take rju Iteration«.    In other 

irorde, aany rectore (activities) are never selected at all an] hence 

there Is no use doing anything to then. 

(3)    If a full inverse vere naintalned, It vould be necessary to etore It 

by rcws or else linear coriblnatlons of rov« vould not be readily avail- 

able.    Iven then, one vould require storage for three vectors timil- 

taneously in transforalng a roluan.    In changing basis, the tranafor- 

■atlon vector Is a coluan and hence the ■odlficatioo and re-recording 
2 

of the ■   eleaents vould be avkvard and tiae-consu»lng# especially If 

zeros are deleted.    On the other hand, the product font requires the 

recording of only one additional roluan (plus an index) on each iter- 

ation.    These coluans vill alaoet surely contain aany r.eros and nay 

be cordensed since they ore alvays applied coluan-vise and recursively 

to a single vector. 

(k)   The product fom is extremely amenable to nodlflcatlons of the method 

or for generating additional side information, since the inverse or 

its transpose are equally easy to apply. 

II - WPOCIBO THI OTMflR Cg TBOC IK THK HtCUWr 

One apparent dlsadvaatage of the product form Is that, vhile only one nev 

column is recorded each cycle,   It is necessary to read T colxamis to apply this 

form vhere   T is the number of Iterations already pen'ormed.    Thus, after m 

Iterations, vhere m is the number of restraints, one must read more Information 

than in reading a full Inverse (not taking condensation into account.)    This 

is still profitable for something over 2m iteratlona as can be seen a« follovs. 

With an explicit inverse, ve must read it tvice and vrlte it once 

each iteration, giving ydt columns handled on T iterations. 

With the product form, ve must read t-1 columns tvice on Iteration t 

and vrlte one nev colvan, giving 
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T 
£ 2(t-l) ♦ 1 - T(T-l) ♦ T - T2 colian handled on T Iteration». 

t-1 

Setting T    > 5^r    girm§   T - 3B«    Hoverer searthlag ouet be allowed 

for the fact that lets arithaotlc acco^panlei the vrltlng than the reading. 

Thio dioadrantage !■ aore apparent than real, hoverer.   After, say, 2B Itera- 

tiona, round-off eiToa* will begin to be noticeable on large probleao no aatter 

which form Is ueed.    Hany probleae are eolred In 2B Iteratloee or lets but, If 

it takes aore, one can re-lxnrert the basis aatrix, at any tlae, producing not 

■Ore than ■ colunas of Inforaatlons.    The tlae for this inrersion is auch lese 

and the accuracy of the resulting transforaatlons is as good or better than 

after the seas niaflber of full simplex cycles. (The order of ellainatlon for in- 

Tertlag is designed to aaiotaln accuracy.)    A special code Is provided for this 

purpose.    It Is useful for solving any systea of linear equations, especially 

vhere sereral right hand sides are used vlth a sparse aatrlx. 

It Is helpful, vlth t    j forn of inrersion, to consider the aatrlx of 

coefficients of the restraint equations as a collection, or set, of coluan rec- 

*'vrn,  Ignoring the fortuitous orde Ing given to the variables in the fonaala- 

tlon of the aodel.    Vhatevor scranbling of coluans that nay occur in the pro- 

cess.  Is recorded In a list of basis headings vhlch accayany aad identify the 

basic variables of a particular solution.    This    point of vlev is adopted through- 

out the present discussion. 

Ill - PmATIOWB FRCM gg BTAREARD FCRIC 

Bone discussion of alternate ways of starting a probloa Is indicated.    In 

Standard farm 1, the Inequalities vere converted to equalities in the usual 

way by adding slack vectors.    The aatrlx then contains the coaplete Identity 

aatrlx (not necessarily In proper coluan order in aJ    and there is no diffi- 

culty.    The variable corresponding to coliam 1 of the identity aatrlx is set 

equal to b   and the naae of the rarlable is recorded in the i-th verd of the 

list of basic headings.    This  Is dene autoaatlcally by the data assenbly pro- 



- pp:r 
i. UM pr^bl« is then ready to ftart vlth this Initial tolutlon. We COD- 

■id«r a Solution** to conalst of th« list of baaia headings and the raluee of 

tha corraapeafllag baeic rariabletf. 

In the usual set-up of the sliplez asthod, It is asouned that all ele- 

■ssts of the right hand side are non-negatlTe so as to insure that a starting 

solution vill be feasible,  i.e. non-negatire.    This restriction has been re- 

■vred in the 10k procnus by incorporating a coenoslte algarltha vhlch vill 

reaore infeasibilities as veil as optlniee.    (See section X belov.)    Thus  It 

is possible to Multiply through, by minus one, equations vhlch bare negative 

slacks in order to aske the slack vectors positive, cren though the starting 

solution is thereby rendered infeaslble.    Bovever,  it is recoaaended that the 

mM>er of Initial infeasibilities be kept snail to avoid an excoeslve nuafber 

of iterations.   There 5s no hard and fast rule about thlt alnre different prob- 

1mm vill react differently to the sane conditions. 

'   If a given natriz does not contain all colunns of the Identity natriz 

loglttetoly, i.e. as positive slacks vlth toro coefficients in the optlnislng 

fern, thea one can use Standard Fom 2 and have the code perfom a Phase I. 

In this case, it is ascossary that all elsasnts b   are non-negative. 

;e has Isd to the incorperation of still snothsr device for ob* 

talning Initial solutions.    Soaetlass the foraulator of the problos knovs a 

fsnsible basis other than the identity.    Provision is nade for introducing, 

ax^itrmrlly, any mafcor of colxam vecrtors into the basis at the outset, vlth 

the aaohia» asking the decision as to vhlch coliasi of the basis each should 

occupy.    If the fomulator has als Judged and the specified colxaais produce a 

singular aatrix, the aachine prints outs (and saves) the pertinent infomation 

aad stops.    If the resulting aatrix is non-Singular but the solution 11 infeao- 

Ible (partly negative), then the coaposlte algorltta autoaatirolly cuts in and vorks 

toswd feasibility in suooeedli« iterations.   This device of arbitrary trans- 

foraatioas aust ast be used in Phase I. 
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On« other prorlelon of a lest abi, lute nature hae bees Mde.    Oceealonally, 

a model la e re-vork of aa older problea eo that ■cmethii^ it kaovn akout It« be- 

haTior.   At other tlaee the fonulator haa certala loaiefate which he voold like 

to exploit without coMlttlng hlatelf to abeolute •tatoaests regarding feasibil- 

ity or singularity.    It say be poesible to aeeerible the aatrlx eoluB» in order 

of decreaelng likelihood of u»e, that la, vith the aoet likely candidates for en- 

try into a feaaible or optinal be* la road in fliSt.   Theae can be aeparated fron 

the othera by a Curtain^ vhlch is equlTalent to the foUcaring inatmctloBt *• If 

any candidate for entry Into the baa la la arallable ahead of the curtain, use it) 

othervlae proceed to the othera.*'    Several such curtain Barka my be used.    They 

are activated by a svltch so that their use ie under control of the operator. 

They hare often reduced the nafcer of iterations required tut vhen used injudi- 

ciously, i.e. on a »ere hunch, Bay have the apposite effect. 

There are, at eourt^ other dericea vhich require no apeclal prof iaioes la 

the code, except perhapa for loading.    For eaco^ple, certain aetlTltles (eolxBBs) 

my %• vitHMia tba mAtm wiU «pttMlttsr Is tfrteaasi vltk «hs 

of Vm nrrimA asthM mi Mi%iamX 4ftla »j b» 4** ,' V 

«t m^tlm ***& by rtiMaiig tfa* data 

g • 9mm or ABIJMWJIJ 

9m yrtAuct tmm «f iwntm it pasrataili 

)l«kB (1V)9 fltatl^ polit «rltfeMtle.   Owrtalt tpwattsi **D— vmX* #» 

i» fit fU^iifttet ti 

p«t is ia fiaad«palafc fmm tm mm TtmAtm» vltk 8 ilfit« «T «IMIS 

8 dlfttt ^ fraction.   AltkN^ Msh prselsi«i WBiiit «k * * t\m ia*m U <M* 

%• r—iin «IM« lafesrprotlaf r««olts)f It IM %MB fMHl 

ttilt asedraoy inrlag tbs 

•iT' 

", * 

li 

tt it! 

•1* iicnlnr sfOBrs Bitrls f^gMti trm ml c 

i»J     (1 • 0# 1, ..., M|   h • 0# 1, ..„ Al   M0 * %) 

n 

KA'^ 
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(r       M (O 

■^rs.  :, .     "n- ol-xui.-.  ■>,■   .    r./   c :.   m;   o-V-  :r   .,. •,•«■   i;;" .T-ronu- 

nr>r  c-" r-• >• ;   or -     ■   ,   ■•.-> ■   ..;       ,■'. ..T   >.-r.v'1 ,     .■■, 

(.■>     ;(0    .    .:■  -   ■ . 

'r-^r T  - —l.-r (■'•^     \:..-).     on.   o" • ■-r    o'-TLur   o:    .Vi/ v'l:   . ;r.'-cr   "ror. \ . 

T!ic I-OI'UH'J:"  h.   >   U«T.   :,'.".'i."     •.■en   '    " " ••    \~'' r 

('A 

v: - TUT-' iriiT'r'T' ■ ■ "Tir 

KT) W« «ill not b« to ouob eoaetrnad with th« basis »£       on iioimtion T M 

with lit InTtrt« which will bo donotod ^T \   ^  > that it 

(b.l) ^       ^       - ^      i^       - dh . 

Tho aatrix «h       novor oxiott oxplioitlj but it corriod M a product of ola- 

montary aatrietc which aro storod in a condtntod form consisting of at aost 

ons coluan plus an indax and identification.   Thsas eoluans art tbMuslvst 

oondsnsod with only non-ssro aloMnts rsoordsd.    Thsy arc eallsd transforaation 

Ttctors (•castiosc sliaination •* equations ^ , sss (6.5) ) snd dsnotod by n.     . 

Sines the index r is itself a function of t, it ehould be written r(t).    However' 

this will not usually be dons tine« it toaetiJMS appeare as a superecript in an 

array already indexed (t-1) and confusion would result. ^ 

As already indicated, Oreek letters will be used for a basis and its 

inTsree, and aleo for all (■♦l)-erder vectors expretsed in terns of the baais. 

Likewies osrtain imtioa and functions involved in decisions concerning the 
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batU will b« dtnoicd bj Or««k Ittttr«. 

An «xplanation of tht gtntrmtion and ut« of tht r\ *  ' voetort £• in ord«r* 

Sine« w« •Urtod with ^0) - %^0^ for Ihm first lUratlon, wt will hav« «j^1"1^ 

on hand to atart itaration T.   Suppoa« that eoluwi a ,«. hat baan ehosan froa 

a. to raplaca eolian h • r(T) in ^ " ', producing a naw baaia ^ '.     Through» 
* 

out tha following diaeutsion, tha •pacific indax r ia to ba undaratood aa r(T). 

Suparacripta in paranthasat will always rafar to tha ant Irs array to which tha 

•lanant balongs and ara not to ba undaratood aa aodif/ing tha opan suparacript. 

Lat «-/•% aatiafy tha aquation 

,,  „. i(T-l)   h       . .i (6.2) ^ as(T) - as(T)  . 

Claarlj aa/T\ can ba obtainad by 

How 

(6*3)    "h    S(T)  as(T) ' 

(6.4)   ^(T) *\ - ^(T-1)  for h ^ r(T) 

sines only colusn h • r(T) changaa.    Howarar, fro« (6.2) wa can aolva for tha 

axoaptional coluan. 

(6.5) Jf-V -   ^-   .i(T) ♦ ^ nh (h ^ r   ) 
"•(T) 

whsrs h 
(6.6) n

h -    -iÜi ( aJ(T) ^ o by choice). 

VT) 
Vow dsfining 

■%i     (6.7) ••(T) 

^^ - ^ (M r) ^h "h 

ws can raplaca (6.4) and (6.5) by 

(6.8)        ^^ nk
h
(T) - .f-1' 

sines * /T\ bacoaos coluan t*.      •    Cla^rly only tha oolvan ryj'  ' and tha indax 

r • r(T) naad ba racordad.    Now aultiplying both asabars of (6.6) on tha laft 



P-842 
p.19 

by «^W and on th« rlfht by njj^"1^» «»• obtain 

(6.9) j™ jy-V - ^ . 

Equation (6.9) it tha haart of tha product for» of invana.   Applying it for 

t • 1, 2, ..., T   and using h. to iodieata duaay indicas, wo obtain 

a M     .«») . 1(T) >-1<W) ht(t) ^l) 
(6.10) «h ^h_      ^h_ *   '   * ^h *  *   * ^h 

Hanca an aquation lika (6.3) iapliat tha racurtiva ganaration of its right 

■«■bar by using tho fom of «h giran by (6.10). This is aasily dons as 

follovs, using (6.3) for an axaapla. 

^ al(T)-     ^(1) 

^ i(l) -*» -i 

(6.11) l(t-l) -h -i 
^h as(t-l) " 0s(t) 

i(T-l) -h -i i 
^h as(T-l) " 0s(T) as(T) 

It is sasy to sss that 

-i -i -«• i(t-l) f*   j m      ./♦   IN   X as(t) - as(t-l) * 0s(t-l) V (i ^ r - r(t-1)  ) 

(6.12) 

Vt) vt.i) v(t■1,     o- - ^ ) 

An squally siapls rula sufficss for soltiplying n. ^ ' by a row vactor on tha 

lafi«   Supposs it is nacstsary to oo«puts 

(6.13)        t, JW - ^ . 

Vs uss tha tranifonsation rsctors in rsrsra« ordsr to that of (6.11)  t 

Let fi    -   n^ 

(6-^) fom UM ^(T-l) . ^2) 
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(6.14 eont.) 

Wt)    h(T-t) m ;(fl) 

-(T-l)    h(l) . ;(T) .     C 
\        \ %i ml 

(T) 

Again it if «MJ to — that 

i^ - *v     v * '(t-t) > 
(6.15) 

^   -^.^     (r-KT-t)) 

HI - THE PRICIHO OPERATION (Cbooaiitf indtx ■) 

Th« nm vactor ij; ^ in (6.13) it callad th« pricing wctor.    In ttM fiap- 

Ittt probl«B (Phatt II, Mxiait« x f no inftatibilitUo), '< * ^? •   HowtTtr, 

in a typical Phaso I,    ^ • i*  i and in ganaral   f. • I   for •tvtral i. 

Th« pricing factor it appliad to a. , 

(7.1) ,P .J - -W . 

(Tha d. ara what ara callad (♦) (c. - • J in tha original tiaplax Mthod.) 

To ehoota *a/T\ to bring into tha baait9 taka 

(7.2) d^T) - «in d^ < 0 . 

(If tha ■iniauB it not uniqua, tha firtt tuch indax t it rttainad.) 

If all dy^ > 0# tha phata it ooapiatt.   In a Phatt I, thit it TandnaX \\ 

in a Phara II it it callad Taminal 2 and it tht point at which ona uauallj 

axptctt to arriTt and quit, i.t. tha optimal aolution it attainad. 

YIII - CHQ03IIP THE BASIS OOLDMW TO BE REPUGSD (Indax r) 

Lat tha currant batit ba |ih « tha currant optiaiaing form ba row p 

and tha currant tolution vactor ba   p ^       , i.t. 

(8.1) O1«1-1' - ^I-1) bh . 

Wa will attuaa tha tolution it faaaiblt, that it 

(8.2) ß1^-1^ > o  for i > q 
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wh«r« row q It th« first aetuAl rtttralnt •quation.    Noraaliy q ■ p*i, 

th* usual oritsrion for choosing r(T)  is to chooas 0 ,«. as follows. 

Lst k bs ths sst of Indies« i > q for which a ... > 0. 
8(T) 

Thsn 

(8.3) 
^n   r-KT-D^l 

r(T)        itA  \ 
la»(T) 

> 0 . 

Ths probisB of dsgsnsracy, i.s. «ultipls valuss of itA for whioh ß ^"   ' • 0, Is 

4isrsgardsd «xcspt for ths   following ruls which has prorsd sffsotivs for 

rsduoing round-off srror.    (It ii :idsntally brsaks ths tis in Hofftaan's sxaaplss 

of »» cycling." )    If 0 /-t • 0 and r(T) is aabiguous, ohooss r(T) so that 

a^;I< is ths largsst possibls (positirs) valufc.    In cass of furthsr aabiguitj, 

taks ths smallsst such indsx. 

Ws wUl aodify (8.3) slightly.   Lst R bs ths sst of indicss i > q for 

which ß1^*1^ and a*,-, havs ths SSM sign with a^.v j 0.   Thsn 1st 

(8.4) 'r(T) 
■in 

iiR 
fglCT-X)^ 

a.(T) 

> 0 . 

Nots that (8.4) givss ths ssas rssulv as (8.3) as long as (8.2) holds.    Dsgsn- 
rfT^ «racy is rssolvsd in ths sans way, that is, if 9 /T\a 0» taks \)m\ > 0 and aax. 

If no 0r/T\ can b« chossn, that Is, all ratios ars non-positivs and ssro 

ratios haT« nsgatirs dsnooinators, thsn ßp has no finits aaxiaua. A class of 

solutions sxist as followst 

(8.5) ^ (ß - 9 o8(T)J  ♦ 0 ai(T) - b 

with ths Talus 

(8.6) ßP^1) - 0 «? •(T) ♦CD  as   * ♦OD . 

This is Tsminal 3»    It cannot happsn in a Phass I sines clsarly ssro is an 

uppsr bound for ths variabls x n*l 
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n » SDKMIBY OF CTCUC OPEIUTIOIB (Otw Ifration) 

(9.0) Tttt for •üA of a Phaot I or for arbltrarj halt («ztamal awlteh.) 

(9.1) Datamina valuae of    f.    (dlacustad furthar balow.) 

(9.2) Pom   ii[f) - fh m^1"15      by (6.14). 

(9.3) CoapuU d^T) - ii[T) aj   and chooat d^TL  - «in d^T) < 0   or 

ttmlnata if all d^ > 0, 

(9.4) Co«puta aJ(T) - «J^"^ aJ(T)    by (6.U). 

(9.5) Chooia Ör/T\ by (6.4) or taminaU. 

(9.6) Coaputa T]^T) by (6.6,7), tranifor« ß1^"1^ to pl(T) by ona 

•Up as in (6,11) and racord •(T) for J^TIN  . 

(9.7) (Optional)    Print ratulta of Itaratlon 

(9.8) Condanta and »tora r)*; ' and r(T). 

(9.9) (Optional)    Cback aolution and print 

I - THK 0OMPOSIT» ALOORITHM (foming fi) 

Svtppoaa that a basic solution has baan obtainad which is infaasibla, 

that row p is tbs currant optimising fom and that q is tha saallast row 

indsx of tha actual rsstraint aquations. 

(lo.i)     ^-V eh«-V - b1 .   ht r ir h > q «d p""-1) < 0- 

Supposs a vactor   * /T\ has soaahow baen chossn to bring into tha basis and 

that (8.4)  is usad to datsraina r(T).    Aftsr ths changa of baais, ths naw 

values of ß    are 

(10.2)        ßr(T)  - 0r(T) > 0        (tha valus of x,(T)) 

(io.3)      91(T) - ß1^"15 - er(T) «i(T)       (1 / r<T) ) 

Now for i > q and 1^ F, (10.3) giras ß1^1^ > 0.    Howarar, for 1 CP, thara ara 

two cssas. 
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(10.M        If 11F *nd o^T) < 0, thtn ß1(T) > ß1^"1^ 

(10.5) If 1 IF and a^T) > 0, thtn ß1(T/ < ß1^"1) 

H«nc« bj (X0.2) and (10.3), no inf«Atibilitl«t art crtaUd.    Bj (10.2) and 

(10.4), »oat infaasibilitiu ara iJiproYtd or r«DOvtd altogathtr.    Howtver, 

by (10.5) •«>■• aay bt aad« wort«.    To orarooaa this difficulty, eonaider th« 

function   K •   >   ß   < 0   which is a aaasura of th« infsaaibllity of • tolu- 
ITP    " 

tion.   ¥• wlah to aaxiais« it to s«ro and h«nc« w« «ay raplac« th« aaxlaita- 

tion of ßp by th« aaximisation of 

(10.6) o - ßP ♦ X < ßP 

proTidad o 1« aonotonieally non-dacreaaing. Vh«n o r«ach«a it« MUCIBUB, if 

\ • 0 th«n ßp 1« maxiaum. If \ < 0, than ßp is too graat and X nust b« in- 

cr«a««d without regard to d«cr«as«s in ß . 

L«t f.  • 1 if it P or i • p,    f.   • 0 oth«rwis«.    Th«n, as can b« s««n 

fro« (9.2,3,4) 

(10.7) d^ - f1 ai(T) < 0 . 

Cons«qu«ntl/, aft«r Chang« of basis, th« n«w vaiu« of o is * 

(10.8) „W - o"-1' - 9Hr) ^ > o^-1)  . 

If th« sst P 1« void, th«n (10.8) is th« «SSM at 

(10.9)        ßp(T> - t'W - 9r(T) i™ > f™ 

which ia th« uaual foraula for th« changa in th« aaxiaand. 

Now, hOfw«T«r,  if all dv. ' > 0, w« cannot claim Tarainal 2 without chack- 

ing to ee« wh«th«r P ia void.    If F la not void and all dv.  ' > 0, it nay ba 

bacaua« (10.9) doadnat«« (10.8).    In thia caa«, wa «ay seal« down f    , parhapa 

# Not« that if    ß1^*1^ < 0, than ß1^ < 0 for i t P and i ^ r(T). 

• That ia, ^T-1) a^ >  k n^ ^\   for hlP. 
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It) to 2«ro. until iuch tia« •• \ • 0.    If Ail dv
4
w > ü with f   • 0, th«n no 
j      - P 

f«atlbl« solution exists  since X. < 0 is et e aaxinua. 

Even though X - 0, it is sonetlaes desirable to set f   < 1.    Of course, 

tolerences must be built  into the code in testing d. > 0 since, if it is 

sufficiently small in aagnltude, it   ought to be considere'l zero.    Varying 

f    has the effect of varying this built-in tolerance.    Provision has also 

been made for setting f   < 0 which causes ßp to be ainimited instead of «aaxl- 

mized.    This is oftsn convenient when experimenting with a model.    The value 

of f    la entered on a binary card subject to a switch. 
P 
If o < flP is at a aaxiauB and f   ^ 0, the aachine will set f    • 0 and 

P        ' P 
stop so that other values may be loaded If desired.    If \ • 0 and f    • 0, 

the aachine will set f    • 1 and stop. 
P 

The variable 0    is checked for monotonic behavior each iteration, accord- 

ing as f   > 0 or f   < 0.    This test is suspended if X < 0 or when aaking arbi- 
P P 

trary transformations when the behavior of ßp is unpredictable. 

II - PARAMETRIC PROGRAMKING (PL?) 

Provision can be made for parnmetrlzlng the right hand side ae a linear 

function of © > 0,  i.e. 

(11.1)       aj xJ - b1 ♦ 0 c1 

where, if a Phase I was used, c    must be foraed in the saas manner a« b    in (5.26). 

To do this,  first  find an optimal solution for 0-0, say 

(11.2)        ^  fW  . bi . bl(T-l)   t 
"h 

Let 
M,   -v i(T-l)     h        i (11.3)        -n^      '  c    - Y    . 

Now using Y    in place of a /_>.   in (8.4), a value 0 ,-* « tQ can be found such 

that 
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(u.M 1(1.1) (ßh(T.l)  . Yh ) . bi , cl 
(T) 

with 

and 

(11.5)        ß1^"15 - 9 ,T) Yl > 0    for 1 > q 

fW - e 
r(T) (r- r(T)  ). 

Tht   ptrftMt«r   9   cannot bt lncx*«»itd by »or« than 0 /T\ with th« batia 

H^1"1^ without YloUtlng (U.5) but (11.4) !• an    optUal faaalbl« aolutlon 

to (11.1)  for this valu« of 0.    L«t 

(11.6) 

bi(T) . bl(T-l) # e ci 
r(T) 

fli(T) . fli(T-l) . 0 i 

l(T-l) To increase 0 furthar, ^ )i\      oust b« ranoyad from the basis and raplacad 

i 1(T^ with aooM a ,   . to form a naw basis ^h       ao that 

(U.7)        ^ 1.
h(T) - b1^) 

is also an optlaal faaaibla aolution to (11.1) for tha aaaa 0. Tha whole 

procaaa can then be rapaatad. 

The index a(T) ia datamlned by tha ruia used in tha dual aioplax algo- 

rithm. Let D be tha aat of indlcaa J for which nj^1"1^ *\ < 0   (r • r(T) )• 

Than chooaa • /_v by T8(T) 

ain 
r(T-15    i 

~    ^ 
> 0 (r • r(T) )  . 

J 1 

9 

(U-8)       VT)*   JTDI 

Note that 

f.(T) - : 
WB(T) 

and (11.8)  ia the analogue in the dual problem of (8.3)* 

If the eat 0 la void, then 0 ia at a maximum.    If all y   < 0 in (11.3), 

than Ä can be increased without bound.    Theae are the only two automatic 
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t«rmln*tlonB in PLF.    The following thtoptm is of inttr«st. 

Thtorea:     If the cholc« of r(T)  for (lit4)  it unlqu« and if D it not  void, 

then there exists s finite range of 9,    & <-. < 9 < 9 .   .*i t  for   which 

i(T-l^ i the solution obtained by replacing ^r)T\      by a ,_,.  , where B(T) is 

determined by (11.6), is both fsasible and optimal, 

A proof can be found in Reference .'». 

A separate control code for the computer is used in doing PLP. It always 

starts from a prior optimal, feasibls solution. Due to (11.8), the iteratione 

are longer than the regular code. 

XII - MULTIPLE PHA3&S 

It is somewhat difficult to parametrise the optimizing form since the 

analogue of y   would be a row vector of n*l elesMnts.    As an alternative, 

provision is made for multiple optimizing fofms which can be made to differ 

by finite amounts in any desired way.    Of course, it ie not contemplated that 

two such forms will be drastically different since that is equivalent to two 

different problems.    In such a case, it would be better to start the second 

one from the beginning or from the end of Phase I. 

It is    also possible to split Phase I into multiple phasee.    This will 

not be discussed further since its application is limited and it generalises 

easily from the discussions given. 

It will be easier to describe the use of multiple phases if a specific 

example is used.    Let it be required to optimize three forms and to start ths 

problem with a Phase I.    Then the auxiliary form must be 

(12.1)       a^ xJ ♦ x"*1 - 0 (j • 3, 4,  ..., n). 

The form to be optimized first (after Phaae I) muet be 

(UU) x2 ♦ a^ xJ • 0     (maximize x2). 
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Slnil^rly, the other two forma to be optimised in turn aust be 

(12.3) x1       ♦ a^ xJ • 0     (maximize x1) 

(12.4) x0 ♦ a° x"3  - 0      (maxlaiie x0)   . 

The initial restraint equation» will be 

(12.5) A* xJ ♦ x"*1 - b1 (i - 4, 5,  ..., a;    J - 3, U,  ..., n). 

Thua the initial value of q is epecified ae q • 4 (total number of phases) 

giring p • q-1 • 3 (m»ber of  '• Phase 11»s" ).    The other two parameters 

required are    z • 1 (number of " Phaae I's") and    ^ - 3 (index of sum row.) 

A'   the end of Phase I,    p, q and i will all be reduced by 1 giving 

P"2fq"3»cs0    so that x   will now be maximized disregarding x    and x , 

(12.1) will now be considered a restraint equation the same as (12.3)»  and 

the phase will be recognized as a Phass II.# 

2 
When x    reaches s maximum, p will be reduced by 1 to p • 1 but q will 

remain at 3 so that x   will be maximized disregarding x   and x .    Similarly, 

when x    reaches a maximum! p will be reduced to p - 0 with q still remaining 

0 2 1 at 3 *o that x   will be maximized disregarding x    and x .    In other words, 

p is reduced each phase but q is reduced each phase only as long as z can 

also be reduced.    All three aust remain non-negative, obviously. 

*      A Phase I is terminated when the variable being maximized reaches zero, 

A Phase II terminates when all d    > 0.    Thess criteria are not always equi- 

valent even in Phase I.    If b   ie representable with fewer than a of the 

columns m.    (i, J > 0), then several artificial columns may remain in the 

basis at zero level at the end of Phase I.    In this case, ths d. corresponding 

to the Phase I pricing vector will not all be non-negative.    If Phase II 

starts with artificial columns in the basis (other than a0 and *    i) # than 

a    , may be eliminated in Phase II but one a       will always remain. 
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ustd for th« n v   '  rvctort  a« explained below. 

The data section of HSS !• divided into four region«t 

the H-reglon for the baeie headings: m*l   word« 

the V-region for the values 0   of t!is current solution, aain- 

tained in double-precision,  floating point i    2{m*l)   words 

the W-regioQ for work space in gemrsting «a/-\ *od n; ^   and other 

purposes] 2(«*1) words. 

the T-region for tsaporarilj holding the a. aatrix or ^ ^ ' Teetort 

or as auch as possible of eithsn    the rsaainder of section 

(ii) which should be at least   4(«*1) words.* 

The site of these regions is a function of ths number of restraints.   Their 

origins are computed by the data aeseabljr progran.    In PLP, V-regien is 

used as a second W-region in pricing.    A duplicate of H- and ?-regiens, as 

wall as the original b , is kept in auxlliarj storage.    This allow re-eiarting 

after an error and eheckirj a solution bpr computing and printing 

(i. ^(») fw. „i. 

For PLP, it ia also neceasarj to keep c    and y   in auxiliary storage. 

The prograa aection of HSS is divided into seven regiotast 

(a) Teaporary storage called CdMOR. 

(b) The main control region, called the KCR. 

(c) A sub-routina for doing double precision, floating point addition, 

called DPFADD. 

(d) A aimiiar sub-routine for nultiplication, called DPFMUL. 

(a)    A routine called the distributor (DISTRB), explained below. 

(f)    Space for the largeet sub-routine.    The firet location is called 

SRORIC, 

The orißin of T-reRlon ha« been arbitrarily set at 20kS for all probleM. 
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(g)   Unitvraal eooctMitt, parAMt^r«, orifine «to., «tllftd K-r«cion. 

Tfe« BMi for CdMOl, OPPADO, DFPNUL «ad E-wglon if obfrlout.    Ttwlr loom- 

tloat aro pomMMBiljr tlxod *aA MJ bo roforrod to frc« onj profroa in tho 

■jotoa.   All tub-routinoo oro oloood.   Tho K-rogion eontolao cortoin oollo' 

«hooo eontoRti oro fixod only for port of on itorotion or oth«r oub-ooquineoo 

of tho probloA.   Thoro oro coirroationo on «hon oad by what routino thooo oro 

to bo ebangod.   OGNM lo olwgro ovoiloblo to onj routino. 

Tho f'uetion of tho NCR it to MüCO tho aojor dooioiooo nod ooll for 

tho propor ooquonoo of oporotlono.   Hoot of tho oetuol work io d«ltgotod 

to oub-routinoo.    Booidoo tho NCR for tho anla olgoritte, thoro it ono for 

FLP and ono for ro-invorting a baoio.   Othor ooxiliarjr progrtM or« oaoily 

oroatod by coding a now NCR. 

Tho NCR oallo for a aajor oporotion by linking to DI3TRB with a pooodo» 

oporation.   DISTRB oallo in tho propor oub-routint froa auxiliary oterago 

and loado it inte K33 otorting at SRORXO.    Control it thon tranofoirod to 

tho tob-routint which rotorno oootrol to tho NCR tfttr ooaploting Ito func- 

tion.    If tow othor arrangoatnt for linking to tob-roatlnoo it dotlrod (at 

for «cuplt, whan HSS it Tory lorgo) it it only ntctsttry to ohango DISTRB 

to arrangt for tho propor routino to takt OTtr in tht proptr way. 

Thoro aro fourtion ttandard tub-routintt.   Othtrt may bo tddod for 

opocial purpotoo if dttirtd, up to tho limit of auxiliary otoragt to hold 

thoa.   Noro importantly, if an iaprorod or t tpoclal Ttroion of ono it 

doTtloptd, it con roplooo tht old ono «troly by oxchaaging tho proptr binary 

cardt.   Thttt tub-routinot, togtthtr with DPFADD, DPIKUL, K-rtgion and a 

tptcitl loading routino, cxiit in binary cardt which conttituto a batio dtck. 

Tht origint card producod by tht dato «tttably is put ahtad of,and tho NCR 
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behind thii tefie dtek. 

At toon M tht tptclal loadinf routiM !• in K3S, it t«kM control 

and loftdt th« rilnrttr of tbt bnoic dtek and tht NCR» ttorinf tbtn in 

Auxiliary ttoragt (drunt).    Sinet nany of tht tub-routintt rtquirt addrttttt 

to bt ttt which dtptod upon mt a loading iattrludt it ptrfonttd to do thit 

initlalitation.   This it aooonplithtd b/ tn initialiainc routint which foot 

with a tub-routint, tht two bting loadtd tlnultantoutlj into K3S.   Control 

it than ttnt to tht initialisinf routint which doot itt job onot and fbr all 

and   rotumt control to tht loadtr .   Tbt loadar ttcrtt tht initialiaod tub- 

routint in auxiliary ttoragt and tauildt a catalogut of loeationt into OISTHB. 

Tht NCR taktt ortr control whtn loading it e«plott. 

Tht fourtttn tub-routintt (ealltd »• oodtt*) art at followt.   Soao art 

uttd for nultiplt purpottt which art eontrolltd bjr inttmal twitohtt. 

Codo 1.       Load tbt blnarj oarda prodoctd by tht data atttnbly and 

ttort in appropriatt plaett.   If tht a. cardt art included, thtj 
J * 

art trantftrrtd to tape.    Subject to a twitch, a value MJ bo 

loadtd fron a tpecial card for f .    By atant of an inttmal twitch 

and the ute of control r^rds which it loadt, thit load routint it 

ablt to dictinguith rariout cattc, initial atari, ro-ttart, atari 

of PIP, re-ttart of PLP, to that the proptr inforaation oan bo 

ttortd in auxiliary^ 

Code 2.       Store the current tolution in auxiliary (drunt).   Tbt 

ii current tolution1'   it dtfintd at K-, U-, and ?-rtgiont. 

Codt 3.        (Noraal) Font tht row f. in W-region, and rooord whether any 

▼ariablec are infeaaible. 

(During PLP) Pom ^ in 7-region and sj       in W-region. 
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Codt 4.        (»omal)    Co^putt n^T^ - ^ i^1'1^ In W-r«gion. 

(During PLP)    Commit (    „ ( ^^ 
ic*[u    ;  In V-reglon and «[VT ''"^In W-r«glon. 

Cod« 5.        (Norul)    Pric« trtt mtrix ^ »nd choot« d^. 

(During PLP)    Cho«i« 9a/T\    »• described in Part A, S«ct. XI. 

Subject to an •xttrnal switch» rscogniz« " Curtain"   aarks in a.  . 

Subject to instructions fron the MCR» aak« the following chscki 

(Hoxml)    If d^T) t 0, (during PLP) if n^1"1' aj^ 0 for J ^ J^^ 

then tsst for J occurring in J^ " '.    If it does, an error has 

oeourred.    This check is rsry valuabls for detscting errors before 

■ueh aore coapvtiag is done.    It does consuu SOM «sount of tine, 

however, which inoreasee with n. 

Code 6.       Load a tm. fit» a. aatriz into specified rsgion as doubls- s(T) J ^ 
precision, floating point Teotor. 

Code 7.        Multiply n^^"1^ •Jz-x    (or any rsotor in specified region). 

Code 8.        (Normal)    Choose the index r(T) «a dlscusssd in Part A, 

Sect. VIII.    For arbitrary transformations or invtrsion, choose 

r(T) by: 

VT) ai(T) ia 
where A is the set of indices i for which yJ^-Q (artificial). 

Cods 9.        (Nomal)    Coaputs ^T' fro« a*,^ and transform ß1^1"1^ to 

(PLP, first sntry)    Co^ute ß1^ and 0r(Tv  fron ß1^1"1^, r(T) and 

^1(1-1)^    (part kt 9wt   1I^    Thtn ca|vut# bi(T) . ^(T-1)^ ».  .c1. 

# "Part A"   Is uaed here to refer to DETAIUED »/RITE-ÜP. 
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(PLP, ttcond «try)    Co«put« r\ v  '  fro« a /-v  and trantfom 

Y *       ' to Y *  '.    (All thMt optratlons ar« very slalUr,  «ven 

■or« than appears at first glancs.    The variations are aerely 

■witches.) 

Code 10.      Delete seroe fro« r  v   ' and index non-iero eleMnts.    Store r 

condensed rector in auxiliary storage (druae;  cf. Code 13). 

Cod« 11.      Multiply out ^T^  ph^ - b1  - t1    talcin« ^(T)  fro« 

original a. «atrix by referring t0 ji.    •    6     l9 ^^ in T-region 

and b   in W-region for printing. 

Cod« 12.      Print progra«.    This program is ^  ite elaborate and longer 

than the other codes.    Special provisions   for it need not be dis- 

cussed here «. xept to ssy that appropriate captions and identifi- 

cation of columns are printed for each type of print-out, of wMch 

there are 14.    The print output can also  be put on the fifth tape, 

if desired,  for later printing.    In all print-outs, there are 5 

(T)       UT) coluans of which the first thrss are:    Ji     #  ß and i • 0,   ...,«. 

The last two are the contents of W- and T-regions. 

Code 13.      This performs an  '^nd-of-stage"   ii   which sons of the 

T) ^   ' are transferred from drum to tape.    See below. 

Cod« 14.-18.    (Und«fin«d  ,  except for code lU used vith a speciRl M^.) 

Cod« 19.      automatic restart program for recovering after an error by 

returning to th« beginning of the iteration.    Clearly, this is 

highly dependent on the particular machine.    The important points 

to nots ars that all program«,  the original data, the current 

eolution at beginning of the Iteration, and the r,      l rectors must 
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hm intact 80B«wh«re  in the raarhlnt.    Also t.ds cod« must h»v« 

b««a pr*vlouily imtructel where to return control to and be stie 

to rvntor« all equipsent  (e.g.  tepes)  to  the proper positions. 

It outtf of course,  be activated by BOM external aeans. 

BuidM the plyralcal orgarization abovet  there are also djnaaic grouping», 

••Ttral of which have already been dlecueted:    the iteration,  the phase, 

•aximiiation of A<0, arbitrary transforaatiooe,  etc.    Another grouping Is 

called a atate and always consists of an integral nuaber of  iterations.    It 

has nothing to do with phases or other «atheaatlcal aspects but  is  siaply an 

operatiooal device.    It was devised for the IBM 701 and has  been carried 

over to the 704,  for slightly different  reasons.    Soae analagous arrangement 

is probably necessary on any aaohine# 

Most of the advantage of condensing the r\ ^  ' vet tore would be lost if 

a separate access to auxiliary storage had to be made  for eacn on«.    It is 

desirable that as big a chunk of ther« transformation vectors as possible be 

recalled at one tiae.    The limiting factor is the size of T-re^ion.    Hence 

as the T\      ' are generated, they are stored on a drua until or.e mor' would 

exceed the capacity of T-region.    At thie point an end-of-»tage procedure is 

performed.    Before describing this,  it  is necessary to explain the us« of 

three tapes for the t^ ^  ' vectors. 

The tapes on the 704 can be back-spaced and additional   records can be 

added to an existing file.    However,  they cannot be read in a backward 

direction and the back-space is soaswhat slow.    Hence the records are stored 

(T) in reverse order on a second tape for use in computing i0   /.    The third tape 

is used alternately with the eecond from stags to stag«.    Though thin costs 

SOBS copying tine,   it doss provide a spars (and checked)  copy of the tape at 



Th« «nd-of-fftaf« proctdur«  it M  fuu^f-s: 

(1) Co^ut«   f1. 

(2) Print i[V. t
lW. 1, b1,« l. 

(3) Tran«f«r th« ^ on dnan to an ftcUtional rtcord on the 

forward tap«. 

(4) Tr»n«f«r th« r) ^   ' on dru« to th«  first rtcord on the  fr«« 

backward tap«. 

(5) Copy old backward tap« to raaaindar of rww backward tap«. 

' T N 1 f T ^ 
(6) Punch out binary card« containing K-r«gion,  y.   '  and ö . 

Durix^ PLP, also punch b1^  and yi(T^. 

(7) Adjuat tht nscassary bookk««ping par%ia«t«r8u 

An «od-of-ctag« may b« forc«d by an extamal switch.     It also occurs a»   th« 

•nd of Phas« I and tarminations.    nt«p8  (1)  and (^;  above aay b« forced 

without th« others at  th« «nd of a cycl« by  \n cxt«rnal switch.    This would 

b« daairabl« »DOV« ta|« aanipulations. 

To restart fro« the «nd of a stag«,  it i&  only necessary to use th« 

punch-outs to r«plac« th« corresponding original data c*rds and  put the 

tapes back on th« ssjne units. 

Similar sljsple hand collating of blocks of punch-outs with the original 

data cards  (binary)  and changing of th« MCR ar« all  that are  necessary to 

sat up th« d«ck for PLP or r«-inYerting th« basis,    ipecial  short MCFi's ar« 

usually accuaulateJ  for such things ass  transforming a  new right hand side, 
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oootiiftl ^nd printlm it. dy Ufrln, * T.ctor in *h. ba.i., .tc    A 

•ptoial routln. i. prorU^ for coprln« • n1/0 W 1- r^r.. ort.r .0 

thai a pn)tel« can b. plcktd up afUr bad luck with Up.i. 



f 

f 

Mia 
»•90 

SBtSatSJSSJSSUL 

fh* dttft MM^ly pygw («hleh vlU b« dlsmtMd only tricflj) 

m iAmMticmtim eard follcvM by a card vith tha 5 partMtara.   Aft» tklt 

O«MM tba teaia haadiaga, if a^r, FIRST B, tha b , ate. aa daaorlbad 

nrvr.   Oüy mm~wmf al«a«tf ara tatarad, vlth thalr yraptr iidioaa.(8»f 

am caaaa aa dlffleulty, «Oj a aaata of tlw aad apaaa.)   flw |t#» 

fBadaa la blaary oardat 

fk9 Idaatlfloatlflft o«d (blMor cadad) vhloh aaat ba plaead aflar 

tha »iris traMltUa card bafara laMi^ by aala oada. 

A calf laadlM mrW** oard aiadad by tha laaftar far tte mim fm* 

tlaaa ahiah anat ba plaead aa tba ftrcat af tte mim oada da^. 

cgiijm or t^a cam vtct 
fte trdariaf af tba earda la vary l^artaat.   If ♦. 

oarda ara aaad, thay anat ait ba plaead aftar tba laat card af a 

♦^ 

ffca blaak aaparatara. (diaeard) * ^ 
^^ 
V 

V " 
laitlal I-, |.# aMl T-raglaM fallaaad by a blaak (raUla.) 

Right haafi alda far laadlat la V-radaa. ^ 

(OptlCBftl) Blaak, auzaiary right haad alda far laadl^ la ««raglga. 

(OptlOBl) Blaak, aatrU f<r Xaadiag la T-ratlaa.   Maltlpla raearit m* 

aaparatad by blartra (ratala but aat aftw laat raoari») 

l%trlz traaaitioa card (9 pmah la 001.37 aüy.) 

far onrar datactlaa, aao llat of atapa* 

thay laad laU tha hlghaat aafeara« oall uaad by tha raotiaa.   ttm Imim kaapa 

traak af firat aad laat laeatlaa af aaoh .*antlaa aaetpt far llB,a# aaA «aaa th.^ ^"^S 

laforaatlai for loadlag tha raotlata aa tha drvaa aad bulldl^ tha tabla f«r wm V 'v^^ 

by BXfBD.   faUoalag aaoh raotlao, a titla oar« Idaatlfiaa tha oada |a^ Ualdt 

tha 9 ror laft la blaA.   Tba 9 rga rl^tt oaataiaa tht aada aadMr la t%i yi»fit< ^ 
- -.t». 

A-: s   '    «^*i*.r< 
: «    v «•   *„ » 4>,v fXi/ iAr.4 
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■rat.   MboMCt1! f idratlfl«d by c«ro «ad WCB*m by mism sere at 9 rm right, 

fh» print progrMi it loatod en arm 2 fir«t M though It wt a fub-ITR.    lov- 

•f«r, this oauM« BO difficulty tinct DimB deo« not roeall the print procraa 

to St directly.   A peoudo-cod« 12 (loaded la the aorml vay) recalls the real 

print prograa froi the kacum location at the begüming of dnm 2,   The print 

progran occnplee the high part of T-region vben in use.    If another eub-ICR le 

loaded later la the loading ee^Qeaoef DISTBB roealle thl* when Code 0 lo called 

for by the MSB,   DCTtB dooe not recogalso'Vode -0*. 

The binary carde are identified by Hollerith charaetere In cole. 75-00. 

Vho baale dock ie ae folli 

CXB XB8 1 card aelf «load lag pregraa to clear lades reglet ere and 

load aext card. (Preeoded by origlae card poached by data 

aaoeribly vhich leaToe index rege. lnAroperly for IXABSIiB.) 

IXABSm 1 card eolf-loadiag lead progrea for leadiag LPBA8I. 

UBAOOl Boreral eerrice rootlaeet   SBBOOT, a dn» wbootetrap<' for 
: actiratiag Code 19; DlfABDi OifMDLi DSRRB with blaak teble; 

mA£H5 and lOCIfi, the actual lead proyan diecueeed ebove. 

TTane it ion card to give control to UKJLD. 

XJ1IIT01—XJlXIfS^     The actual print progran. 
XJSHm» Title card for print propren. 

1JCD0101-.IJVW105     Code 01 
XJCM1TL Title card 

UCDOfiOl—XJCDOeoe, UCDOSTL    Code 02, etc. 

IJ<CD0901**UCDQiO% UCBOift 

UCDOtOl—UCDOfclO, UCDOVn 

1JC1>0501»»1IC1)0511# LFCDO^TL 

IJCD0601—IFCD0603, LFCDOtiR, 

UCDOTOl—IICD07069 UCD07TL 

IWDOeOl—UCDOÖQl, UCDOdn 

U<CD0901-*IfCD0909# UCD09TL 

UCDIOOH—IJCDIOO^, UPCDlCtn. 
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UCDUOl—IPCDU(9f UCDim 

1ICD1200 Pseudo-code 12 for callUf print prosraa lato EBB. 
UCD12TL Title card. 

LFCD1301—ucri309, ucDiypi 

LPCD1901—UCD1904, XJCD19TL 

XJPSDTrOl Sub-ICB for larrortlan code.   N^ be loft in boslc deck If 
I desired, as long as BO other svb-NCR Is used In vhleh case 

IfBXVflO 
XJBISVTL tJie CKP*cl*,y <* the dansMi «Igjit be exceeded. 

ggjggg mm ICR's 

The basic ICR Is for the composite slsylex algorltl» iitcludlng Fhase I, 

■ultlple phases and arbitrary transfonatlflBs.    The cards are Identified by 

UC(BM01"]JC(Ma6f UCOMOL. 

These follov the basic deck described abore. 

A special MS Is used for TIP.    The cards are Identified by 

UTUMOl—IFPUmiO, LPPLPIffL. 

When ftartlac * ran to do HP, these cards are us^d Instead of LFCOMOl, etc. 

Another MSB Is used to re-lnrert a glren basis.    Put IPBIBTOl, etc. at 

the and sf the basic deck (aee abore) and use the following ICB cards. 

ipnffMw.—IPTIWM15, ipnnrMn. 

The sub-ICB operates first to organise the voork.   Isverer, the operation of this 

is autoaatlc.    UBIHT01—LPBUfTlO, ISBWmi,, IJPIMTNOl—LPTIffXl^, UUfMSL   can 

all be left together and ccnsldered as one NCR, If desired. 

gggeggs 8Sli POMBO A ROT 

It Is sowtiiws desirable to start vlth one ICF and then svltch orer to 

another one without getting   off the nachine.    It Is not necessary to use the 

punch-outs and reload the basic deck to do thia.   Hoverer, If a ovitch-orer 

is to be nade to the larersion ICR, the eub-MCR nust have beaa loaded vlth the 

basic deck Initially. 

The speciAl svltch-orer procedure uses Code 19, sense switch 6 aafl a special 
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traaaitlCB card.    There are tvo of theie, one for use vlth IFCO« or LPIWH 

■arked TTXXJB TIf.    The other it for uoe vlth LPPLFM explained belov. 

To «vltch over to either UCOIW or LPIWII, proceed as follow. 

1. Put the folloelag iequence of cnrdo  In the rwider: 

MCB without title cord 

PITDP TI 

Blank canl 

Matrix transition card (9 in col. 37) 

Identification card poached by data aaioafely 

Three blank cards 

2. Put Switch 6 down. 

3. Push C2JAB button. 

k.     Push LOAD mm button. 

5. Her la read in and nachine halts.    Put Switch 6 up. 

6. Push START button to proceed. 

If it desired to read a seals factor card (f ). then Switch 6 is left dovn in 5 
P 

and the f   card is put after one of the blanks following the identification card. 

To switch over to UTLPM, the procedure is the saae except for the cards 

used which are: 
HFIPMOl—LFFLPIO 

The c    cards punched by the data asssafcly (which load to V-region) 

MP HKL PXKBF TR    (card  is punched this way) and two blank cards. 

An f   card cannot be loaded for ELP in this nanner. 
P 

UPOTH Of TOK 

The codes hare been designed to operate continuously until either 

(a) a phase is cosqplete, 

(b) «witch 1 is put down (arbitrary end-of-stage and halt),  (also BW.6, see 
below ) 

(c) the ralue of f   «ist bo changed, or 

(d) an error Is detected. 

Vhenevsr a stop occurs, hitting the START button will cause the progran to do 

the "right thing" ,  insofar as possible.    This nay be either 

(a) to continue the calculations, 

(b) to try again the sequence of operations in which an error was detected, or 

(c) to lock-up and do nothing. 



If the MtchUw hu parfwtd «▼•rythlag r«qulr«d, It vlU leek-tip with all tmw 

•«Me light« on.    If th* •mar !■ mich that It ccuacrt b« eorreetad, th« cuitcaa- 

tlc dnm rMtart (Code 19) «ay be uaed to repeat the Itaratleo.   This le acti- 

vated by cleokrlng Bt (CXJMR button) and pushing the LOAD ERÜM button.   Be eure 

■witch 6 li up vhec doing thle. 

AU otopo are described in the list glyen later below.    The onee Baraally 

to be expected are 0, 1, 6, f, and 27.    After certain stopo (e.g. 5* 122) Switch 

1 aust be put down before hitting 8TART (to get an ecunaf«stage) In order to 

stop the nachlne at the proper point.   The Job nay be taken off the aachlne 

after any «nd-of-stage and restarted froi this point«    nie punch-outs replace 

the cerrespsndIng original binary data cards, i.e. K-, H-, T-regiMMi and, for 

PIP, V-reglon (b       )•    Ana binary data cards for COMCB and PUMCR are c< 

below, 

cnmjm or Tg Bjam DATA CARDS 

These cards follow lawdlately after the ICR title card. 

K-reglon 

I-reglon 

▼-region 

Blank card 

K-reglon 

I-raglon 

▼•region 

Bltak card 

W-region (bl(T)) 

T-refl« ^Ki), .• 

W-reflon (b1) 

Blank card 

a^ mtrix (T-reßlon)) t0^1«»1) 3 

Blank card 

V-reglon (c ) 
Blank card 

1 
J 

> 

Insert 

to 

start 

PIP 

trlat (T-reglon) 

Itetrlx trans It 1 on card 

Identification oard 

Blank card 

fpcard 

2 blank cards 

(Optional)4 

Matrix transition card 

Identification card 

Blank card 

f    card 
P 

2 blank cards 
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P>5 

{tmy*A tram lart pac«) 

Cvrrent y **' T«ct«r doe« not •ziat InltlAlly.    Far ■tartlng PLP It It 
•ubitltut«d for by a card which it hleak except for 9-puiich 1B SCMB (any) 
coluai 5^-72.    This doet not replace the blank follovlag. 

Bead inly if Switch 6 damn.   The two warde In 9-row are the value, the 
ry polat being between coliane '< 

a 9-jnmch In both colunne 1 and 57. 
binary polat being between coliane 26 att3 27.   If f    it to be negatlre, put 

To »tart an inrerelon nmf uae eane data set-up &• for UCQMI with the 

punch-oute whoee B-re£lon ipecify the basis to be imrerted.   Iverythlng Is 

autcHitlc provided the deelgnatleas UPOOl, ÜP002, etc. har.e been used for 

legltlnate unit rectors   6^ , Qu « etc.    If any   J.< 0 are left <rr r "ron 

original set-up, they will be treated as tero and discarded. 

IKBgP CPWVT 

The captions    on the print-outs describe the reason for printing.   The 

identification card is always printed first, followed by a line with iteration 

mafcer (T), stage mofeer less one (i.e. mafcer stages ccnpletod), fora nxafeer 

of TT^—"** (I.e. current value of p), caption and, for soae prints,  'S IS        ** 

with appropriate vector oaas filled in.    This asans a^ Just eaas into the 

basis or is to be aultlplled by 9 for unbounded solutions.     The third line 

is a set of headings for the fire COIUäS of printing of which the first three 

are always I 
J   for .5JT' ;     BHä   for P1^' ;     I   for running Index 1. 

The fourth coluan may be headed by any of the following: 

B for b1      (or b1^  In PIP) 

I r- ^" 

0 „r r1«1-1' 
A tar ai(T) 
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The fifth COIUB my \* «Ither 

M     for   ^      (error)    or 

PI for   « (T) 
1 

or, la one larttnce, blMk. 

The fourteen caption« vlth the correopondlnc head lass for the fourth end 

fifth eolUKie ere as followe: 

1. C7ÜU FRIKT s 18   1 PI (forced hy Birltch k) 

2. m soumon 8 IB B PI (occurt erery Iteration in                  1 
FUP unleae 0r - 0.) 

5. CHKK saumon B Et (forced by Switch 6) 
k. TO) OF FBA8B ONI B m 
5. BID OP 8TA0I B n {&Tvm 3 fuU or Svitch 1 dovn) 
6. m ruBuaM BovmoK B n (tee «tope 2 end k belov) 

7. FIASIBU SOUmOH B m (eee «top 3 belov)                                  | 
8. opnma soumoif B m (no otop tnatll after 9)                         | 

9. raiMAi-Dau- soumom B PI (flml print after 8, 13 or lV) 

10. UHBOUnXD BdOTIOH B IS A PI (TemiiMa 3) 

n. RIQBF BM© 61DC QFIR 8 IB   0 PI (one of 2 pMsible PLP t«r«iöa- 
tlon», slallar to 10) 

12. MATRIX snxmiAB t IB A (blank ) (Inrertion or artitrary traue.) 

15. BASI'' nvBtm B m 

ik,    THSEA AT wamm 

SEBBM SVIICBK 

•ion, no otop until aftar 9) 

B   M     (the other poMible PtP tvmiaa* 
tioni ilnilar to 8| no ttop 
until after 9) 

(If 
1. 
2. 

5. 

k. 

5. 
6. 

on) 
Force end-odT-etaoe and halt. 

öait the d. check In Code 5. 

Put all print output on tape 6t including any printed on*llJM, and 

do a cycle print, (to tape) every iteration. 

On-line cycle print. 

Recognise •* curtain** narkt in a.  . 

load value of f   fron card. 
P a. Vhlle loading or after »tope 2 or 51 

b. Vhlle naming: perforn a check print at end of iteration and 

halt. (This 1B laflependent of cycle print and fallewo it.) 

c     Vhen ueing Code 19 (autcnatlc pick-up), lotd aev IO «ad bait. 
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p.»»5 

Tbttre «re way «n-or rtop« built Into th» cafes.    la order to facllitete 

de-bucglag of jartlblmm, they heve been left •eparate and distinct end ideatl- 

tirl vith e nxfeeor.   Due to the vay the codes are organized, itaif not feas- 

ible to identify these stops by the HB8 location.    In say event# t^is vould 

not pemlt easy reference.    Instead, the stops are all "Bait and Proceed" 

MrdsM vith the stop number in the address.   Hence vhen the aachiae stops, 

the identifying maber appears in the address part of the Storace Register. 

All references to these stops are in octal. 

fcrror Stops in Data Assembly Progran 

Tape 6 (input) will not read properly after 5 tries. 
r>2^2 Zero owpuach on non-zero digit la a.. 

6666 |aj|>8l92. 

7700 !>■   for a.,. 

7770 i>n   for b   or c    . 

7777 1>*   for basis heading. 
lOhStl Tlspe 5 (juot vrltten) vlll tot read properly after 5 tries. 

This Is only cheeked vhen the aatriz ie punched la cards. 

Irror Btqps la Iteln Routines aad Other Baits 

Thrse are syetsnlsed as follows. 

Less thaa 100   - Legit Inate stops la the IO 

100 series - Irrar itops in the NuR 

200 series 

300 series 

kOO series 

500 eeries 

600 series 

700 series 

* during pricing operations (Codes kt *?) 

* in Code 7 (traasforaation of coluaa) 

* la Cede 9 (arOclx« .ohuage of basis, etc.) 

* in Code 11 (rec«rputlng right hand side) 

* during loading. 

* fron tape check failures. 

The coaplete   3 1st is   la the folloviag takle.   The abbreviation e-o-s is used 

for enti-of-Btage and  "8*x/START"        for    "Put Switch x dova before hitting 

gflAET button*.' 
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P-6U 
p.^9 

Tht rtaalaler of tht tapa check •rror stops occur 1B Cod« 15.    11 it lag WART 

•ftor thM« ftopi causo« th« progrea to ccittlJBue at though thore had boon no «rror, at 

the oporator'i rlik, 

762   Vov record Just vrltten on tape 2 vlll not reed correctly. 
76)   Kevly vrltten tape 3 aey be no good (tape check on tape k) 
•jfä        II it 11      1^      11      II 11 II 11 tlii«\ 

765 7& and 765 cert>ln»d. 
766 762 aad 76M ceriblxMd. 

There are tve other error etope. 

77777     Autoaatic reetart fro« arm (Code 19) tried too early durlag Imereion 
run.   Reload deck. 

717777   Code 19 got a cheek em error In rettorlng B38 trm dnn».   Thli check mm 
If carried on K-, I-, and T-reglona only.   The tVtnt 7 In this error mnfcer 
!• la the tag field of the Storage Reglet or. 



^50 

RUIWliU TBflB 

It !■ iapoctible to gire any reallrtle tlat Mtlaat»« <a a Job.   tiam jar 

ittratlon gooi up vlth ■, with n uaA with the xnMi>«r of It «ration« already por« 

for—d«    naborato foraola hero boon woilcod out for this but thoy art not worth 

wrUlag down although thoy haw prowidod OOBB co^aratlre lAforBatloa.   Bor la 

part «xporloac« a rollabl« guld«.    An Isrcrflon run on A 195 order tjwUm {m • 195) 

ha« boon dboorrod clipping alone at   1 ^  tecs, per Iteration.   A 51 order oyote« 

took 2t nine, to roach en optlaal solution.   Clearly theoe ■uribero do net boar a 

simple relation to one eaother.    One of the critical factore io the density of the 

■atrlx.   The following statensnte can be node, hororer. 

1. The inversion MBR Is the fasteet in operation, at least twice as fast as 

the CQHI IO for a glwen profelen. 

2. The COItf IO perfoms singles eyolee faster than any other known code 

considering the slss of prcfcleas allowed, the accuracy aalntalned and 

the flexibility prow Id ed for. 
* 

3. HP is Invariably slower after a given mrtber of iterations than the 

COM4 MCR.    It Is probably vise to re-invert the   optlnal basis dbtalssd 

by the COMM NCR before beginning extended calculations with IIP. 


