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Introduction

Paracantor I is a two energy group, two region, time independent

 reactor code, which obtains a closed solution for a critical reactor as-

gsembly. The code deals with cylindrical reactors of finite length and
with a radial reflector of finite thickness. It is programmed for the
I.B.M. Magnetic Drum DatasProcessing Machine, Type 650. The limited
membry space avallable does not permit a flux solution to be included
in the basic Paracantor code. A supplementary code, Paracantor II, has
been pfogrammed which computes fluxes, including adjoint fluxes, from
the output of Paracantor I. ‘

Geheral Description of Paracantor T

A. Physics
Paracantor I, in general, follows the two energy group theory

found in The Elements of Nuclear Reactor Theoryl by Glasstone and Edlund.

This report will give a brief resume of the theory which is pertinent
to the Paracantor code. The notation used in the report and the code
conforms to that of the book. 'The form of the equations has been modi-
fied where either ease of programming or saving of‘machine:;time.results°

A £wo energy group approximation to reacéor neutron behavior
divides the neuvtrons into two groups: slow or thermsl and fast or fissibn
neutrons. The general equation for the conservation or balance of neu-

trons mgy be written

~ jn
Production -~ Leakage ~ Absorption = §€
where an/at is the time rate of change of the neutron density. If a
system is in an equilibrium state, referred to here as critical, %%l is

zero. 1f the equilibrium state does not exist, an assumption, such as
Y'I".‘t
p(r,t) = g (r)et
permits a solution of the "steady state" condition for a given w,.
]

1. Semuel Glasstone and Milton C. Edlund, The Elements of Nuclear Reactor
Theory, D. Van Nostrand Company, Inc., New York, 1952, Fourth Print.

]
& -
=

02



2=

Unfortunétely,‘a true solution is severely complicated by the process of
delay neutron emission. However, the assumption that all neutrcns emitted

in the fission process are prompt, (w-i ), does permit a ready

prompt
solution of the above type. A '

Using the equation for. the coﬁservation of neutrons given above,
four differential diffusion equations may be obtained for a two energy
group, two region problem.? These may be solved upon the appiication of
the ususl neutronicibouhdary conditiops, i.e., the neutron fluxes must
be finite and non-negative, there must‘be’continuity 6f,f1uxes and current
densities at the cqre-reflector_interface, and. the fluxes must become
zero at the extrpolated'boundafy of the finite reflector. As a result,
four flux equations<are.obtained,vwhich représent the solutions of the
differential equations and involve four unknown -constants. For a con-
sistent set of solutions, the determinant of the coefficients must be
2€ro. | : e . 4 .. :

Paracantor'I‘détermines each element of the fourth order determinent
from various stofed{éonstants and inputvdata, which includes one prédesig-
nated variable paramétef, suéh as the core radius. This parameter is
vafied by-a "récéipe" untii the desired degree of convergence is obtained.
The main parameters, from'ﬁhiéh the unknown variable may be chosen, are:

1. The core redius - R .. ‘
2. The moderator to fuel atom ration - (M/u)
3. n - contéined in k = Qépf '

k. The cylindrical height - H

5. The reflector thickness - T. )

Thé computing time thus depends upon the nearness of the input value
of the variasble parameter to thé value which satisfies the critical equation.
In general, 6 to 10 iterations are requiréd to obtain a conﬁergence of the
parameter to an accuracy of’“vV%. The average machine running time, for
normal productlon, is 5 - 8 minutes per problem. The output, which in- .
cludes volumes, masses and all of the functions necessary to compute fluxes,
is punched out on cards. The comppter is then left in readiness for the
“succeeding problem, which is automatically réad in and solved.’

2. TIbid - p. 240

003

[l
7S)
(o)}



B. Equatione

No attempt will be made'tO'justify or prove the numerous

asSumptiqns and conditioﬁs
lined below.

necessary to solve the two group problem out-

Discussions of Fermi age theory, condltlons for separability

of time and space variables, treatments which consider delayed neutrons,

and other concepts involved in neutron diffusion theory may be found in

such references as Glasstone and Edlund.

The two group; two region diffusion equations used in Paracantor T

may be written as

. 2 S1c . Sia W
1) Y, '¢lc (ch« * B 1a +
‘Zf2c Wf
2) ey - Dpe -V2Dec)¢2° "
. T S @ =
: Dl% lelr Mlr
. W
2 Y 2r )
)"') v ¢2r = ( -D2'r + vi 2D2 r)¢2r

D
2¢ o

lc .

VoD, , Pe ;275 e

Zlc

=0
c .

lr N
t o ¢lr -

where equations 1 and 2 refer to. the core (c) and equations 3 and 4 refer

to the reflector (r)
trons respectively.
In the above equdations:

.gitis the neutron flux = nv,
. - . i

The subscrlpts 1 and 2 refer to fast and slow neu-

where n is the neutron density
\A is’ the velocity as-

signed to the ith group

D represents the diffusion coefficients

1/ D £ YA

where T is' the Fermi age length

.Sela’is‘the macroédoﬁic~asorption cross section in the fast core

equationy .

1° 1s defined on page 8.

2c ‘
. core. 2;20
absorption.

It is to be noted that this term does not appear

in many two group presentations.

is the total asorption cross sectiéon in tbe slow group of

includes both moderator absorption and fuel

> is the total absorption cross section in the slow group of

ar
) the reflector.
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The terms involving L come from the assumption g(r,t) =
) ¢o(r)ewgt,where W, may be considered the inverse reactor period

with all neutrons assumed to be prompt. Thus,"

aw _1ag(rnt) B jot)

ot T v ot \
= _ : | k =N €pf This is sometimes referred to as the four factor
formula. In Paracantor I both the fast fission
factor, €. , and the resonance escape probability, D,
are'éssumed'tO‘be'unity. _Therefore,‘k is computed

~as .the. product,
‘ nx f

where f is the thermal utilization

_ Thermal neutrons absorbed in fuel
~ Total thermal neutrons absorbed

CeanefE )

- (f.+ e

f

e
, e
- o . : ' for fuel

‘The facfor‘q.is consideredAa'COnstant.in any one

number of neutrons per fission (2:5)

thermal fission cross section for fuel

thermai rédiative capture cross section

. . Pafacantor,problem.' _
- The condition necessary for solutions of the core equations (1 and 2)
in the form’ . ' '
-2 - 2,
v g = - B g,
may be shown to be, @ -

‘w1 ‘where S W
. /\ = ‘,'la- + pc
: : : e ViP1c
Thus, the flux solution in the core involves a linear combination of the

k .
Eeil. RIS S ’
w5 (1 +7, BQ+X‘)(; e

two roots of the above equation. For a cylinder the permissible solutions

are

"

glc AX + CY

¢2c

SIAX +‘SQCY



where
X
Y

Jo (e )

Io Gr) . and

H

Jc and IO ere normal and modified Bessel functions, respectively,
of the first kind and zero order. (See Appendix A) '
}L,and‘Q , are the two roots of Equation 5 modified for a cylinder
of finite length '

e A R I ROy B
Ve GOt )+ ) T ] )

T L
where H' = the actual height plus the extrapolated height
S1 and 82 are the coupling coefficients. )
In a 31m11ar manner, the solutions to the reflector equations (3 and

v“), may be wrftten as
P = FZl A
@, = GZ, + s3¢
where ‘ _
- ’ - I : 1 oy
= 1_(K, r) k_o_.[Klr(RfT )] K (K ¥)
: o} .
_ K' is a modified Bessel: function-of :the.s€écond-kind, zero order.
(sec ww ndlx A) ‘
T' = the actual thickness plus the extrapolated distance.

| K|lr:[—r4 D\/+(—' j/l

'Ze'ls a function in K cofresponding to Zl'

K E?f‘ WP W\Jl/l
. Dzr DZ,V';.
S is the reflector coupling coefficient

The appl*catlon of the boundary conditions that the fluxes and current
densities be continuous at R, the core-reflector interface, leads to
four équations in A, C, F, and G, the unknown constants. For a con81stent

set of solutions, the determinant, A , of the coefficients must
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vanish; that is,

X Y ‘ Zy - 0
BX ST B -z,
DX Dg¥ A 0
ic” It 1r1 .| = a=o0
. TY "1 R 1 - 7.
S1DgeX" | Splp ' 0 BgPxl] - Doy

‘Wh_e‘_r.e }f\;-,- 'Y'?, Z]'_ > 'é,nd Z2 are the first derivatives of X, Yy ‘Zl_, and 'Z2,~
respectively, all evaluated at the core-reflector interface, (wer.t.) r.
This is the eritical equation for a two group, two region reactor, An -~
expanded form of the determinant is used in Paracantér I. |
Equations Used in, Paracantor I Code

A Input Dats

The normal form of the input data used in Paracantor I may not

be convenient fo:t‘,:ail uses. . Various ‘constants, which are nermally stored
in main program, can be changed by insertion of what may be described as
optional input data. A sample inmput is included with the Test Problem

~ in Appendix C. ‘

In genefal, the iripu’c data may be broken into four groups ¢f informa-
tion: l) mc;wc'ieratc;%g data, 2) reflector data,.3) fuel data and L)
geometry constants.

. The moderator and reflector ma.ter:.als are specified by six constants:

= D.

1 2 | »

The f:.rst four are. a.lwayb given for normal material density, ( f )e.
Paracantor I adjusts these material constants for any density variation
desired by using the ratioc of the desired density to normal denmsity, ( €/8,)-

The above constants admsted for density are:

K (%) G’/e)
53 =EL:> (653

1 | 596 007
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where n denotes the §:lue of the constant at normal material density.

The fuel is pecified by the moderator/fuel atom ration, (M/u).
Optional input permits changes inrz\Zfébsorption for fuel? and ¢, the fuel
concentration. These are normally constants or may be computed by re}ations

1nvolv1ng constants germane to a specific moderator.

NP
.YL T rly

st A%
da —ﬂ'__

| _"rs(‘.’/n\ *
, - Egre
The value offq~and the constants A ‘and B must be adjusted to give the

desired n, ZF and ¢ values for a given problem.

The geometry constants are given by R, T, and H, with all values
given 1n the actual dimensions. The extrapolated end points, which are
.assumed to be. identical for the fact and slow groups, are computed by
the following relationshlps. ,

T =T+ AT vhere AT = '2,13 Dy
H'=H+20F  where AR = 2.13 D,

The 2.13 constant mey be changed by an optional input constant.

The core fast group ahsorption term expressed as Z1e s 18 hormally
A 1lc
set equal to zero. However, any deslred value may be specified in the

input. A
- It is tobe noted that if new optional input is desired to run a

specific probiem;, the memory lécations of such date remain occupied with
the information from the preceding problem until it is restored to normal
value or the program is re-read into the memory. Input constents which
aere set equal to 2ero should be so loaded with the problem input.

The basic 1nput is, therefore: '

M/u, E, T, R, J.,/r 22 Dys Dy Q“,Q/pn
2

. 896 (008
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Typical optional input would be:

.P,§¥f, N,v., V2 - A, B, and the extrapolation constant

- Intermediately Computed Constants

, . A .
The_following constants are cOmputed from the input data:

17 ‘5L u¢ ) .% [}+ i} (/Za< = ):]

DIL D)cvl ' ] O;‘V,
. 1 N .
G L4, (2)]"
A Ir t',, Dy, H’A)A

Sor ' 17
[’“ e (5]

Solution of the Critical Equstion -

The critical equation for a two group, two region reactor is given
above, (page 6). An expanded form of the Geterminant is used in Para-
cantor I;'3 that is, : ' '

N

'
2

X oo AR 2 - 2

= (ch X lr Z1 )(32D2c Y SoDay Zy ‘(32 S3)D2r o )
.‘Yt : X! o Z.’ 7
- (D -D 1)(s - S8.D 1 -(s, -s.,)D 2 )
lcY—-——‘ 1r 5 12c—-— 321'——-Z 1 3 2r—--z

1 : ' 1 . 2
‘For a’solution'df the above equation it is nécesSary to,compute ‘

the following quantities:

[ _ I (%)) |

1 (al) Ko(a)

Ko tl

N
1]

N
|

L T ()
17 1r[I1(a)*K——(—)-‘: ti K,(a )]

3. Ibid p. 246
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N 4
Z,=1I1(a,) - "0
27 02 Ty Kole)
: o' 2
Zé [I (a,) +° o( 2) (a, )]
r ey fle
where
a, =K xR t -Klr(R+T)>
a.2=K2er t —K2(R+T
If
a=1 .
1 1l '
b= (fb M -7§‘+2'c)_“
L k-1-)
-c =
iEL |
.thﬁh the condition |
. Kk .

(l +TB +2)")(l + LZB2

' <leads to R

S - [.ue(-b ‘ mcﬂl/e

, o = [1/2(b+ b

whlch when modlfled for a flnlte cyllnder, become

uac]l/a

. ,u D”” ,. (l):’l/2

j'2 >0 .Al_ ' A
4,{=JO(,1_R) Y_J(\)R) |
X = -/LJl-(/uR) Y- VI, (VR)
If '
. 2<0
W
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The coupling coefficients, 5, S, and Sy, are computed by the
following equations: - ' :

N S 1
1T D, 1 2
¢ T3 Mo
‘S _ l_ ch ( 1
2 Tec D XL 12
2? ;5 Qn:.o

5=k o (——, )
3 'l’r, Dar K2 - K2
. 1r |

The procedure used to evaluate the determinant, or critical equation,-
is given ‘below for the variable pa,rameter R. The same procedure would be
followed .if one of the other variable parameters was used.

In the R iteration version, the determinant is eva.luated for an ini-
tial guess of the critical R, an input number. Depending upon the sign
of A, the R used is multiplied by an appropriate constant, such as, 1.1
or .75, and this new R is. used in the next evaluation ef A. This pro-
cedure-~is continued until an opposit‘e sign for A is obtained. The two -
R values which bracket the critical R, that is the R for which A = 0, are
used 1n an averaging scheme’ until the diffei‘ence between tWwo choices of
‘R, resulting in an opposite sign of A, are less than a stored constant.
At the conclusion of each iteration e single card is punched with values
of }L , (the variable) and A..

The general relationship between the va.lue of A and the variables

R and M/u 1s given in Fig. I.

S

¥ r[my/m/vr >

36  ©il
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As can. be seen, other roots exist‘which'are.not normally .of physical
interest. Some indication of the value of'the.variable,parameter must,
therefore, be obtained from some other source:. In the case of R,

‘A - t+ooln the region of the radius ‘of the equivalent bare core -and other
roots exist for.Ri>LRBare. Therefore, the imitial,guess for R must be less
than Réare‘and the constants used to modify the initial R must be sufficient-
ly small tO‘avoid "jumping" to the wrong breuch. A solution obtained for
one of the other roots may usually be easily detected since R >> 2. 405
and thus X may have 8 negative sign The/u- < 0 loop allows a somewhat
greater latitude for the M/u iterations. However, other roots may ‘be ob=
tained, usually for }1 2< 0. It is to be noted that - }Aon.the Paracantor
I printout shows. as /U. < 0.

Qutput or Edit

When the'necessary convergence -of the variable parameter is reached,'
Paracantor I then computesuandjpunches the rest of thé output. If output
is desired before oonvergence is reached,mmanual transfer tO'memory cell
(1688). will force edit, and all resets necessary for solution of a new
problem are. performed A

Included in the output is the critical parameter together with values
of the various functions, all evaluated at the critical parameter In-
addition, the volume of the core and reflector and the ‘masses of the fuel,
moderator,_and reflector are computed and punched. Also included in the

output are two modified albedo .:

oz
_ 142Dy, 5"
fr= ir 2,

Z
- =1
1 2?1r zZ,
.Z’
_ 1+2p, =2
P - er Zp
) ) t
z,
- op. Za
1 2D2r 22

and the adjoint coupling coefficients:

2
@ .
7

012



o0
*
1
lF
T —
"
4,]}§j.
0
~

I

‘ _
l(x) and T (x) are also evaluated for x = K, (R-+'T ) and

= K, (R + T ). These would be of interest if 11: was desired to. evamte

__inrt;egmls such

A samplé'output is included with the Test Problem in Appendixig.

After the output has been punched;Aall counters and'instruct;oﬂs are
reset to the original form and the computer is automatically trandferred
to the load routine to read the'input»fbr the following,problem.

Operation of the Paracantor Code

The basic deck, for both Paracantor I and Parachntor II, contains
all of the load, punch and"interpretative'routines, taﬁles,‘miscellaneous‘
constants, and the main program mecessary for the running of the codes.
Also included are all of the necessary resets and cbnétantS’which are
needed -to automatieallj restore both programsto the initial computing
conditions. A.single”card,‘which‘precedes the deck, will clear the memory,
1f 1t is desired. Hbv&vef, this is ggi;hecessary for gperation of the &
. codes. ‘ ‘ ‘ ’ .

The basic Paracantor I deck. iteratés on the moderator to fuel atom
ratio, (M/ﬁ). Short subdecks aAre available which convert this deck to
iterate ‘on'one of the other varigbles, RN 5T or H. These subdecks
should immediately follow the main deck and precede the input cards.
(Figure 2) The variablg to be itersted upon may be changed at any time,
after the main deck has been read into the mempry, by inserting the desired
subdeck before the particulsr problem imput. There is also a sibdeck
available to convert back to the basic M/u version: The coding for each
subdeck version is given in Appendix B. '

396 013
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Input.

Subdeck (if used)

Mein deck

1 _ ) Clear Card

Flg 2 Arrangement of Carés in Paracantor I

‘The control console sw1tch settlngs for both Paracantor I and Para-
cantor IT are S '
1. Programmed switch is in the STOP position. Progranminngill be
» stopped . whenever a stop code (01) is encountered.
f2.-'Half-cycle switch, is in the RUN position. The programﬁwill
proceed automatically once it is started.
3. Control switch iS‘inAthe'RﬁN‘positiong The program will proceed
' . automatically once it is started. - o
4. Display switch is in other than READ-OUT STORAGE or READ-IN
STORAGE, since the machine will not operate with the control
switch in the RUN pQSition if the display switch is in either
of these two:positions. "
5. Overflow switch is set to SENSE: The overflow will be indicated
'bnt the machine will not stop‘excépt on quotient overflow.
6. Error switch is set to STOP. The machine will stop under any of
the following ronditions: |
A. Validity error
a. Program register
b. Accumulstor
¢. Distributor
‘B. Clocking (timing) error.

&
(o)
=g
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Two methods may be used to start the Paracantor programs (See Appendix F)
I. If the memory is not ‘cleard: *
a. Set 70 1851 1851 on the storage entry switches.
b. ‘Depress the program or computer-reset L ST
. ¢. Depress the program-start key. v
- 4. The read light on both the console and read punch .
' unit will be on. Press the read key of the read punch
o unit to read entire code into the memory.
II. If the memory is to.be cleared:
a. Set 70 0001 0003 in the storage entry switches and pro-
ceed as outlined above. 4 _
The memory locatlons of the constants and other pertinent data for
Paracantor I are given in Append1x13 The convergence criteria constant,
(168#), may be changed to glveAthe_desired convergence for any problem.
The constants, (1621 and l622),'whiCh determine the rate of change of the .
variable belng 1terated upon may also be changed. However, tbe relation
of these constants to unlty must be’ preserved, i.e., the increase constant
"must remain greater than unity and the decrease constant must remain less
than unity. Manual ‘transfer to 1688 will force edlt, including all neces-
sary resets, 1f output is de51red before convergence is reached.
. It is to be noted that’ Paracantor does not contain a- punch routlne
Therefore, to obtaln a memory dump, & punch routlne, (SLFR), mustrbe read
‘1nto the memory, thus destroylng a small portion of the code, (1950-2000).
- A standard 80-80 bead and punch board is used. The .UCRL board has
been modlfled to permlt suppress1on of .any memory celds in the punch band
- by the 1nsertlon of 8's in the corresponding positions in the last memory
cell'of the punch band. For example, to suppress the third memory cell,
an 8. would be inserted in the third pos1tion of the last memory cell in .
the punch band. ' '
‘In all codlng and in the sample printouts which are included the

minus sign always follows the number.

996 015
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The following are some of the dlfflcultles which may be encountered
< in the operation of the Paracantor I code:
1. X for x > 115 cannot be correctly evaluated by the 650
'Floatlng Point’ routlne, since an exponent greater than 99
. is ‘encountered. The quantlty K, (R + T ) is most likely to
: be- affected, thus limltlng the’ thlckness of the reflector
4,d'usable in Paracantor I A
2. The two common. causes of quotlent overflow are: .
| a; 'vl and v2 are not loaded. These must NOT be zero.
b. The square root of a negatlve number is attempted
3. A program.stop‘w1ll be encountered if K oL <, 22

$96 016
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_PARACANTOR II

The li@ited memory spacé available in the I.B.M. 650 does not permit flux
solutions to be includéd in the Paracantor I code. A second code, Paracantor II,
has, therefgre, been proérammed which cdmputes the fluxes, including thenadjoiht
flukes, from the output of Parécantorll. The éolutionAof‘the "critical' reactor
by Paracantor I provides the critical parameters, whlch may be shown to apply |
to the solution of the ad301nt "critlcal" condltlons

The normal two group,,two region flux.eqpatlons are: (See p..h & 5)
@l'ﬁJ Mﬁ+CI(Qﬂ
a)u - S, Ad(ur) + 5, 7,(Vr)

@, < F [Lolk,r)- /F #7')] /(o{k,rr))
@r:,’ ysaﬂr'»* G {Io(karr')"’ 2 EKZr{E{*T )_7/(0'(4\/2,"")]

The ad301nt flux, represented.tmr ¢ , is obtalned by 1nterchang1ng the rows
and columns of the matrlx operator and solxlng for & -new. flux. The calculation
. of the adgo1nt fluxes is of partlcular value in the appllcation of perturbation

theory*‘ The . adJoint eqpations may be written

2;(, _ugf_ z‘,c n
oW fzc | ‘ ﬁ w*e
@‘ . ( D)(. VLO‘L )ﬁé <L¢L 1C

V’@.’f '(—s—',-: +'V o,r)(m’f%r oy i--o
VRO - (2 M NP = 0
where solutions may be expréssed as follows:
B = 0* Tolwr)+ b*T, (V)
Bt = S¥aX Tolur) + ¥ B L (V)

gt = gt {062 [k (0T Kol Y+ sr0F
- 6.5+ F [Tl - T (eir K (e, )

A relative ploﬁ of the normal and adjoint flux equations may be obtained

simultaneously and in a parallel manner. In Paracantor I1 an arbitrary choice
* Glasstone & Edlund, p.372

\
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of one constant is made, and the other constants are determined from the boundary

conditions. The normalizing factors, N and N¥, are obt_ained such that

8. = 14,-/0 ar £:0

The equations which are used in the code are, therefore:

A = AN ex = XNk
C = CN b = DRNF
'F = FN p* = DA
o= g = P
ass‘un.ling l':’-z-'—l ano f =‘-Z'-z
then & = ¥(1-Cy) S = '—{‘;-5—1 |
Y -X'y S TSRy EY)
G = ]:S 9)(+S,CY S3 j g* = '}";’-[ZJ*X+T9*Y ;55KJ
and the norma1121ng constants are T . )
- X ' ‘ S :
N ”ﬂic Tomdey) o NS %) |

The four fluxes¢ 12 P2, P, and ¢* and the cross products ¢l¢f ¢2¢§

g1es and ¢2¢’]‘: are computed fqr- values of the raduis, which may be specified

as. input in the following fnanner.'

1. ‘The flux for r = O is".deteArmined without the ﬁse of series,
since X(O) 1. '

2. A A Ty, 8N 1nput number, is used to eva.luate the flux at r,

i‘ﬁ=n(A'rc) o oon=1,2, 3, ceues
The vafying r, is 'tested:, é.gaiﬁsﬁ Re, until ,the.next ry would be
greater than Rg. |
3. The flux is ‘eValﬁated at R, using the core equations.
b, A second input number specifies the first rn> Re at which the
fluxes are to be evalﬁa‘ced.
5. A ArR R an input number, determines the spacing in the reflector

in the same manner as in the core. The variable, r, is tested

e
(=
&

018
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agalnst R + T' and the last flux is deLermlned at R+ T, This
value should be zero or approach zZero and, thus, prov1des a check
on the calculation. | |
The fluxes for & given r are puncned as soon as they are computed. The
: BesselfFunctions are determined'in'theAsame‘manner as in Earacantor I.
(See Appendix A). |

Operation of the Paracantor II Code

‘ Paracantor II is a complétely self-contadned and antomatic coder‘:Once the
main program has been read into the memorr-it_is<not.necessary'to.reload lt in
order to,run as‘many'problems~as ma& be‘deslredQA The running time of the codeAis
directly proportional to the‘number offfiux points required, whlch is determined
by the first card of the 1nput A typical problem, determining ten fluxes in
both the core and the reﬂ .ector, takes about flve minutes.

The console3w1tch settlngs for Paracantor lI are the same'as for
. Paracantor I. (p 13). A:memory clear”card again is.optional and is not necessary .
for operatlon of the code The code contalns no programmed stop, s1nce Kip is
guaranteed to be greater than 0.22 by a Paracantor I solution. If output is
des1red before the completlon of a problem, manual transfer to memory location
1365 will compute the fluxes at R + T' .and’ reset the program for the next problem.
The test problem which is given for Paracantor 1I, (Appendlx E), is &
contlnuatlon of the same problem used in. Paracantor I. No flow dlagram is included
for Paracantor II, since the calculatlonal procedures follow Paracantor I in detail.
The memory locations of the constants and othEr pertlnent data is glven in’

Appendix D.



19

The inpﬁt for Paracantor II is in floating pointAform and consists of seven -
unaddressed cards. The first card of the ihput'contains Arc, Rjg (the first r in
the reflector for which fluxes aré desired),_and ZS?R, These quantities occupy
locations 1-30 on the I.B;M.‘card. The next six cards are the last six cards
from the Paracantor i output. - These can be distinéuished.by the ﬁnmbers 1-6
in the 71-86 pqsitions of the'cards,"Thgée_gggﬁ'bé'ih numerical order,,éince
there‘is no check on the order béiﬁg corréct-onée fhe cards are read in. Thé
last card in the main'progfam is a fransfe}:card'(to<o6h6) to those,commands.
vwhich read the input into the mémory. -Upon the compietioﬁ 6f.a prob;em thé code
automatically'transferé io O6h6; thérefore, no transfer card (s) ére'heeded |
with any input. However, tﬁé]tranSfer.card”ip thé main progrdm‘gggg'be the last
card of the prqgram. | |

The form of the input is: .

bre  Rm  Prg |
M/u T-° H L '_sgj - 8% 1.0
R, S .S 83 p YV, 20

. o , ' r @ i
Kir Kpr  21/Z1 Z4/Zp M Vg 3.0
MR By B2 N D Dzr Dl 4.0
Z, z, . X  X¥/x ¥ YWY Io(t;) 5.0

Io (tp) Il(tlh) Kp(t1) Ip(t2) 'Kl('tz) Ko Zla Dy 6-0'
. Ko = L o : o Zic o
The output for Paracantor II is also in floating point form. The arrangement
of the oufpu% is: | |
R 8 P gl g
- ¢1¢%{ ¢2¢; _¢i¢§ ¢2 ?i N
The follqwing are given as aids in the operation of the Paracantor II code:
1. IT Arc or ArR is set equa;.to zero, the program will go into
a loop and the problem will nqt be completed.v
2 1f Ar;, > R the fluilculculation in the core mey be skipped.
The progfam will'compute‘the.flux at rl='O and’rl= R., from core

1§96 020
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equations and then proceé& in the normal i’ashion - In a s:.milar
manner, if A rR >T R the program w1ll bypass the reflector points 5
except forr-RlR andr=Rc+T .

If Drg, =R /n, where n.is’ aninteger, ¢(Rc) is evaluated twice

'usmg ‘the core equations. -Similarly, if A rg = T'/n, a double

evaluation of ¢(R+T') is made.

.If RlR = Rc, the fluxes for RlR are calculated by use of the .

the reflector equations B thus providing a check on the flux '

'boundary conditions.

If RlR Rc or RlR" Ro + T', the program automatically replaces
the Rir by Re and proceeds. ' 4

The fluxes at Re + T' are frequently identical_ly zero, but

'occasionally will have absolute va.lues of 10~ -8 to lO']'2

This is. generally because the i 8 are not zero due to round

off in the  Io LKir (Rc + T )J terms in Paracantor I.
Ka — - S
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Appendix,A

Bessel Functions

The Bessel Functions used. in Baracantor I are all evaluated by series
With the exception of K (x) and X (x) for x < 2.

In the case of Jg (x) and Jl(x) a single series is used, since the
desired value of . the argument for solution of the critical equation usually
lies below the first zero, (x.< 2. 405) The series used are:

X) =1 - — . )
o @PaE a(a) 2(5) " B
R N T 060

210(51)2 _212(61)2 f 214(7})2

S 5 S5y 9 11
J.(x) = .}2i.‘... X + X — - X + ,X . 1X =
1 e 21101 : 252;31 2lsmy - 295 M6
o 13 .15 .: o t .
X X - : L 1

Two series are ‘used to evaluate T (x) and I (x), since the arguments
of these Bessel functlons may vary . W1dely depending upon the reactor

materlalé used. The.series used are,_therefore.

“A. X é 5

(x) 4X2‘ .. Xh S 0 0

T (x) = l + - -‘ 4+ — + : 4 = 4 - —
22t T2 . | ‘

3 5 7, 9 .u

Il(X) = -2}5 X -+ XS + X + X I Xll

- C 2duer 22213 2Tz 22msy 2Msien
R (p. 213)

le " xls .

+ -
oY 278

British Association for the_Advancemeht of Science, Mathematical Tables

Vol. VI, Bessel Functions,Part I, University Press, Cambridge, 1950
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B. x> 5 ; .
" The asymptotic series are used, where the last coefficient has
been,adjusted to give'the Best fit as 'x -+ 5. (1 part in th)

(2 22 220 |
[1+_L_+13 L L3 +15091+l+33§‘—5

I (x): ,,“
RN 148x. 21(8x)°  3!(8x)°
| (p. 271
R :' x o R - - B
I (x) = 1 2232 1 FeoT ase959L Iy
e v‘.l(g_Vix)l/z_' oL _2,'(8xl)‘2A 5!A(8x)5 |
‘ (p27l

K (x) and K (x) are evaluated by an asymptotic series for arguments
greater than 2° The last coefficient has agéin been adjusted to give
& smooth fit 8s x *-2. (1 part in 10 ) '

- 2. 2.2
K, (x) (77)1/2 X { S A 2+ .058'9&527.5,';
l'8x 2'(8x) 31(8x)” X

L . , . 271)
/2 = 2, 2 .2 (p- 2]
K, (%) = 7_)1 ¥ {1.+ 22 1.3 223 20 orrerhess Lo
1:18x  21(8x)2 3 (8x) x ¥
K, (x) and K (x) for x < 2 are evaluated by a table look up plus a

seven point LaGranglap interpolation scheme The smallest argument whlch
can be evaluated is x =°0.22. "The form.ls as follows:-
IT V. VI

fn = f + nA + BC + BIIID + B E +BF +3B

where
£, is the flrst tabular value smaller than the f being searched for.
A= (f f ) . ' '
C = (f : fl f +.f_ )
D '(f2 svjfl + 5fq - f_l) |
(f5 = 3f5 +.20) +.2f - 3f; +f ;)
F = (f5 - 5f, + 10f; - 10fO +5f ;- f.,)

H

E

G = ('h - 5fi + 9%, 1 - 5f, v 9f; - 5F, + f_5)

!
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Appendix B

Problem: Paracantor I - Subdecks

Loc. " Data Instr. ‘ 4 |
‘Instr. Operatien ~ Addr. Addr. . Remarks

M/u_ITERATION

1658 LD .69 1627 1659 M/u - 1679 for modification

1573 ~ .-00 1627 0000 . .95 M/u = 1627
1574 BR - -1l2 0931 0000 'Recycle'
1666 °~ LD 69 1627 1667  M/u - 1678 for modification
1576 -00 - 1627 0000, ~ 1.05 M/u -~ 1627 ‘
1577 BR -12 0931 0000 . Recycle
1582 -00 1627 (0000 M/u; + M/uJ

| [ 5 - 1627
1583 BR =12 0931 0000 ~ Recycle
1621 ' ‘49 9500 0000 . Constant - decreases M/u-
1622 . .50 "1050. 0000 . Constant - increases M/u
1684 , . 50 1000 0000 . Convergence criteria
112k - ID 69 1627 1125"“'_Transfers M/u to punch each- iteration B

R_ITERATION (A1l D &nd I addresses of 1627 are changed to 0570)

1621 . _' 50 illOOe'. fOOOOl_”;'CCnstaﬁtA--Increases R
1622 - 49 -7500 . 0000  Constant - Decreases R
168k . k9 2500 - 0000 . Convergence Criteria

7 TTERATION - (A1l D and T addresses of 1627 are changed to 0584)
, The recycle F.D. BR commands are changed to:

A2 11650 - 0000 - : S
1621 .50 1050 . 0000 ' Constant - Increases %
1622 .. k9 9500 - 0000 Constant - Decreases 7
1684 : h? 1000 0000 ~ Convergence criteria

H ITERATION (A1l D and I addresses of 1627 are changed to 0569)
The recycle F.D. BR_commands are changed to:

-12 1163 oooo
The constants for R.may be used.

1165 A-BoC -06 ,0569 1155 1wy oan e
1164 00 1629 ocop |- B —2AH=H . o
1124 1D 69 1629 1125 Transfers H to punch each iteration

T ITERATION (A1l D and I addresses of 1627 are changed to 0568)
The recycle F.D. BR commands are changed to:

-12 1165 0000
The ednstants for R may be used.

1165  A-B+C -06 0568 1152 } T AT T

1164 -00 1628 - 0000 | . -
1124 ID 69 1628 1125 ~ Transfers T to punch each iteration

856 025



" Appendix B .

Problem: .Paracantor I - Memory Locations of Constants and Pertinent Dats

loc. . Data 4 InstrQ o _ C
‘Instr. Operation- Addr. = Addr. . Remarks -

567
568
569
570
573 -
5Tk
575
576

o771
578

579
5807
581
582
583

584 - e T (Optional Input) ' ‘

585 . S : Extrapolation Constant (Optional Input)
587 . e S Zero (all)

8 o

589. A o ) ’Klr
’590 - U

592 - . o TR
59 L ST e

'2?7 2k etey . 00s6
698 : 00 0001 - 0000 .

699 S I o Tempdrary Storage

702 . Lo : o _Empty

703 - ' o Empty

TO4 Empty

705 o , Empty . :
5 ek )

. Moderator Data (Input)

‘Reflector Date (Input)

R
o

O\n
I\)O

2 (Lower Argument Limit) C

026

e



P

Problem:

Locf'
Instr.

720
721
722
723
725
726
THO -
741
Th2

743
- Thh

745

Th6

THT
748
T49
760

16

763
764
765
766
767
768
T69
770
T
72
775
TT4
775
800
v
895
959
1000
¥

1095
1120
1221

- 1127

1128

1129

1131
1132
1135
899

Operation

00
.00, -
01 -
' 00

- 00

Data
Addr.

0000
0000

0000

0001

1000
9000
1200

4000 .

5000

..6000
4800
140

0000

0001

Ax:}lﬁl Kl Table.

Instr.
Addr.

- 0797

. 0997 .

© 0000
~ 0000

0000

0000
0000
0000
0000
0000
0000

0000

- Empty

Remarks

(«e/e'n) ‘ (Input)

(Optional Input) - must
be filled - non-zero

Empt
aﬁf%

/’Ha o

YQ/Y

x'/x

X

I /% (Ko, (R + )]
l/K [x K. (R+ T')]

}.Cons%ants 1n K o? K. locator

scheme l,
Stop

n - Argument Fraction |
3.0 .

Temporary Storage

Cohstants for K and K
Interpolation Scheme

K_ Table
(o}

Empty

ﬂEunch Band used
Variable\&; in Iteration
Determinan®) cycle '
Empty '

Empty -

Empty

. Empty

1996

Paracentor I - Memory Locations:oflcbnsténts and Pertinént.Déta

QR7



_ ?roblemi

Ioc.
Instr.

© 1134
1135
1136
1149
1150
1151
1152

1155 .

1157
1160
1161
1162 .

. 1216

1217
1218

1219 '

1220
1221
1222
1223
1236
1643
1644
1645
1646
1647
1648
1649
1255
1256
1257
1258
1277
1~78

1279 . |

" 1280
. 1281
1282
1379
1380
1381
1382

Péracantdr-ll- Memory Locations of Constants and Pertinent Data

Operation

00

00

Date
Adadr...

~ 0888"

0000

i'féEOO
1562 .
Chsho B

6781

6781 |

4709
2402

“50007

6250
2604
5425

6781
5651
- 3363
1501 .
- 1250
. F031

B - -L

1509

3750 .
1171
1025
1912
0000 -
0000 -
- 1250
7051 .
S 7324

. 5896

Instr.

Addr oL

" Remarks

u'Eﬁpfy
' . Empty
8888 :

Punch Band (1127) Field Control

AAEmpty
Empty

.. Empty
© . Empty

v

v

X

.fEmpty'

e - fuel concentratlon (gm/cm
: Empty
‘Empty

Io(x) constants x < 5.0 .

: Argﬁﬁenf Storage

Il(X) constants x < 5.0

IO(X) constants x > 5.0

I.(X) constants x> 5.0

' Téble

,,00nstantsﬁ

Ko(x) chstahts x >2.0"°
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Problem: Paracantor I - Memory LoeationsiofiConstants and Pertinent Data

Loc. : ' Data . Instr.
Instr. . Operation Addr. - Addr. ' : Remarks’
1406 - k9. 3750 . 0000 _
ko7 - k9 1171 8750° Kl(x) constants x> 2.0
1308, } tg 1025 2906' o
1409 o 7707 4253 o o
1417 . _ : " A - constants £, /4(67(%)
129 S .. B - constant c,.-ﬁ(ﬂﬁew
1482 .. k9 '2500- . 0000 .} .. L e
W83 ST 48 1562 5000 |\ - .. :
1484 . - 46 Lh34o 2778 1 ; N
485 - - - hi 6781, 6840 ¥ J (x) constants
1486 koo 6781 8E | ®
1487 . ... ho . k709 . 5028 |
1488 38 . 2ko2 . 8075
. 1500 @ -7 hg - 5000 . 0000
1501 .- - .- W8 . 6250 . 0000 .
1502 . .. k7 .-260k 1667
1503 S b5 oooshos - 372 | o
150k . . k3 6781 - . 68ko Jl(x)_constants
1505 ¢ . k1l 5651 . ko33 | . e
1506 . -39 3363 . 9306
1507 _ - ’,57.',1501‘ ’ ’7547‘
158k A Empty '
621 - - Multiplication constants in
w622 - new variable selection.
627 4 o ’ :

J ' o Edtt Punch Band
1634 . ‘ T
1639 . o

v ' Working Storage
1642 :

1675 A a counter

1676 . ‘b counter

1677 . 00 0000 0002 -

1678 T ' -~ (variable)a

1679 : " (Variable)b '
1684 . A C Convergence Criteria Constant
1951 . , .

v : ' N - Temporary Working Storage
960 .. ‘ T » '
1979 » . Empty

1980 :

19%9 } Short Load ROl;Ei_n?



APPENDIXC:

PARACANTOR I - TEST PROBLEM

' The'test:prOblem,which'follows uses water,as the moderator, U255A
as the fuel, and thick graphite as the reflector. R,'the core radius,“'
is the variable parameter A basic deck, a subdeck, and the 1nput deck
' are, therefore, assembled in order
‘Input ‘ . :
- All numbers 1n the 1nput are in’ floating: point form. The order 1s_
v 1mmater1al except for’ the transfer ‘card, (to 0026), w%%;h must always be

" the. last card of the 1nput The 1nput constantsi%,, D Dl’ ‘and D2 are

| given for normal den51ty All of the constants used are from Glasstone,

‘.‘and Edlund

A{g*Bas1c Input S '
 First Card: ~ . M/u, T-,"H.,,wré
. Second Card: ~ R initial
4 TPird-Card:' . 'l/tg,‘ 2c/ K ch, D2C, ( en)c
_Fourth Card:  1l/r,’ 2r/ Dy Dy {€n)r.
. o 2r
Fiftn Card: P/ ?n i (@/Fn g

B. Optional Input
Sixth Card: ??
Seventh Card:

Ve V2
Eighth Card: 1a /10

‘Ninth Card: . B c = 2 (s'[.(’n) :
: . M/u ,
Tenth Card: = A 'if - A( (°§ C.n) _
: o a " M/u

Last. Two Cards . o
‘Eleventh Card: - Loads the i counter (0029) of the floating:paint

foutine..

Twelfth Card: Transfers to the flosting point routime.

o
(]
=p!

030



Output .
Al]l numbers in the output are in floating point form The numbers
in the elghth p081t10n on each card serve as markers for . Paracantor II
input. The arrangemen.t of the- output is as follows :
M/, T H  w_ 8- 8 s, 1.0
R 8 Sy 85 - ) Vo 2.0
Kpo o Kp By/Ty  ZpfZp M Mhv, 30

M /gl e 4? . D1y Dar. Do - ko

i(“'/x,(t{) Il(t ) X (t ) T (f ) l(fz)—z;:_‘ﬁ ,ﬁeé;‘:‘ T | '6.,0 

Lot
I

Klr(Bf.T.) - S

o
|

= Ky (R 1)
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. 'APPENDIX D
PARACANTOR. I1 - Memory Locations of Constants and"Perﬁinent Data

Location df ' : ' o .
Instruction : "Code = - . Dats _'Instruction ‘ Remarks

w . .
- 569 3 , S .'-i 49 | - ",2560' 0000 | 2
s w1k 500
A>57l ' .A1;i; 1€: :  *“5q'f' ﬁ.} Jvi‘“3“b )
575 j"‘_*{Af- ‘“1"uu . 8L 6840 J,(x) constants

s e 6w 68k |
sps -k k79 508
S5 om0 oee 8ors
st k9. . 2500 0000
e T s
st % w0 28
0 . wmo 6w g0
s8L w2, 6L 68O

Io(x) Constants
| peso
2 - W k09 5028
583 A . ako2 8075
58l I "'ugs; g 1250 . 0000 )

585 L f‘h8. R ;_;,7O31 2500 % I,(x) constants
86 S e o _732h.' . 2187
T . k9 109 W33
sol - . - | : I o

" x25.0 -

592 . D . o o Extrapolation
A _ R S Constant

59hA- | : e : o 3.0

5% e 5.0

st . . 100



Location of , . L . ,
Instruction . ' Code - Data Instruction Remarks

s .90
599 : AT o ko

605 _A | S - .' ) Empty

610 . ' ~ | o s B Empty |

TR o I S e

612 R | " | ’A

63 ‘ : “; N  ~ ‘:'4A:‘: e .

614 | S . | ”1 o | ~F

65 . R '.f‘7': Lo o

o7 - T _“V, ﬁ;f:f o
T
co - v::,l. ;f;i;: _‘:' ;' A o o 4
627 : o S ~:‘: : l:‘v ,:..‘ f R | ' ,Initial ﬁ=0
628. - n: | o o ' ' o | -
v B ‘FSet Punch Band
636 : ‘ . ' ; to Zero

650 | "- A? | S .;  ; '; . Working Stbrage

659 o | o . Bopty. |

660 L | . : C Bmpty

667 i  ; S - | | 1.0 |

677 ' . -A.' o -  Working Storage

© 678 N - - : o o Working'Storage

709 R S | Empty
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Location of R S -
Instruction. . Code - Data Instruction =  Remarks

\Z to zero
736 | 4 . '
159 SR I Bupty

6o -‘_- _ :_v”' ...‘ - ; " o ' : ". Empty
67 o B :. . .  tﬁ"f[ i»l N : f oo

727 - L o S B }Set Punch Band

%8 "_ ';:;"fi-“"_.A}":f L » 1200 |

799 : L ' . OO . 0000 - 897 Constant in K,
R L o } locator scheme

goo - - Tl e Empty

817 vfilj"5 J - 3 '-*;  . SRR 1440.0.

859 S t;.:“-‘ S | .:;,‘A . L Empty

8624 ‘ . SRR | . }WO;rking Storage

878 B R S 0000

879 f'- | e o ome 2500

K,(x) constants
: _ . , : . L x72.0 -
8o . .M 3k 2187 A

g1 W 8% ks L

1951

N - Y Working Storege
1960 o

&3
Lo
o

034
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-Appendix F

UTILITY PROGRAMS USED IN PARACANTOR

Setting of Storage Entry Switches ,
~If the clear card shown below. is used, the' storage entry switches
should be set to '
70 0001 0003
If this card is not -used, the Storage Entry keys should be set to
o 70 1851 1851 e
Storage Clear Card.

'Description SR B Co

ThlS card places +O in locations 0002 through 1999 1nclusive,
and places the instruction 70 1851 1851 in location 0000
‘cludes - by executing the 1nstruction 70 1851 1851. .
Card ' '

It con=-’

0001

" 0002:
0003

" 000k
0005:.
0006:

. 000T:
‘6008:.
-The first.card. (or the second card, if a clear card is used)

~ III.

.is the Initial loader.

. 1851: 70 101 1852
1852: 69 1902 1901
18531 69 190k 1903

185k 69 1906 1905

/' 185s: 69 1908 1507
{' 1B56: 0 1851 19%

'Qé'

69

2k
o
65
21

00

0061

0001
0005
0000 ~
1851
0007
1999
- 0000

0000 "~
8002

ooQk -
0006 :°

11851

8oo2 .
0002
0000

This is read into locations 1851-1856.

This card willload cards of the follOW1ng format:
1901 2L L(word 1) 1853 '
1902 Word 1
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iv.

1903 éh L(word 2) 1854

1904 Word 2

1905 24 L{word 3) 1855
1906 - Word 3 | |

1907 24 L(word h) 1851

‘-1908 word k.

The initlal loader is used to load the standard load routine,

which 1s loaded, four words per ‘card, in the format shown above. (These

cards must not be load cards ).

AIn,the'last:card of-the loadorOutines of Paracantor I, the

'Instruction Address'OfrWOrd 7.1s 1856 f This.is followed by a card
» having all 80 columns punched with Zeros. ‘This will clear the 1851-
1860 read buffer. Control is automatlcally transferred to the stendard

load routine for readlng the rest of the cards.

In the last card of the "Long load and Punch Routine A used with

'Paracantor 11, word 7 is 2l 1851 1851 and word 8 is 70 1851 19%.

This card is- followed by a card w1th elghty zeros, which clears out
the read band 1851-186Q. Control is then automatically transferred
to the'"Long Load and Punch Routine" ﬁo read in the rest of the
progran | o |
Standard Load Routine for Paracantor I.

. This program will load n words per card, l<11<7, into consecutlve
locations, the-flrst word being placed_in,the location ‘punched in’
column 7 - 10. n is punched in column_6.e If n = 0, the card Serves

to transfer_control, the nextvinstructionlbeing teken from the address

specified'in columns 7 -10. . The program'is included below.

V.

i
d

Long Load and Punch Routine LLPR

The Long Load and Punch Routine, used in Paracantor II, is

996 036



VI.

isvloaded fourAﬁords per card by the initial loader described above.

A description of this routine, snd the coding for both the load routine
and.punch‘routine is inclnded,below; The constsnt in 1981 in the load ‘
routine should read 24 0000 1999. |

Interpretive Routine |

This problem uses the Floating Decimal Interpretive Routine

Udescrlbed in IBM Technical Newsletter No. 8, pp. 17-43. This has been

modified in that the multiplication routine, page 25 in the newsletter,,

,4has been changed 50 that it will yield a normal zero when one of the

factors is zero. A constant 98 9898 9898 is placed in location zero,

so that a transfer of. control to locatlon zero due to the omission of

‘cards will stop the machineAwith a-recognizable number in the program

- register. The coding for the revised multiply routine is included

VII.

below) An asterisk 1ndicates a change from Technical Newsletter No.8.

.Exponential Routinel

" The interpreti ‘e, system described above handles floating point
arithmetic., This problem also uses the exponential function. In the
interpretive system, a command of the form -22 AB will compute e s . vhere
X is the floating point nnmber in,location A, and store e in location
B. The calculstion uses a Qhebyshev'polynomial. The coding is

included below..



IBM TYPE 650 PROGRAM SHEET

PROBLEM. Stendard Load Routine for.

~PavacantEE T - o WRITTEN BY:
‘!NSTR LOCATION OF OPERATION ! ADDRESS i
NO. {INSTRUCTION| "ABBRV. | CODE . DATA  |INSTRUCTION S REMARKS
1996 - RD 70 11951 199%
199 199% RAL 65 | 1951 1981
1981 st 16 1998 | 1982 |
1982 BRMIN | b6 | 1951 1983 Tis n = o ? (transfer card)
113983 SLT _ 351 000k 1989__| No
1989 AL 15 1951 1984 n+ A
1198k |ID | 69 | 1988 1991 R
1991 STDA 22 1988 1992 last word control
1992 SLT. 35 000k 138% N
1999 STDA 22 1959 1 First store command
11986 RAL___i 65 1990 _ | 1987 | First leed command
1987 AU 10 | 1959 8002
* | 8002 1D 69 1(1952+1) 8003
¥ i 8003 STD ! 24 (A+i) 1995
1995 AU.__ | 10 [ 1998 1980 __| Modify store command
1980 Al | 15. | 8001 1985 Modify locad command
11985 SU 11 i 1988 1993 o
105751993 BRNZU | 4k 1997 1996 | End of card:?
1997 AU 10 8001 8002
Constantis: —_
1088 —i _2?+__.]'(ng00) 1995
1990 i 69 1952 8003
11998 | .. 1.00_ 0001 0000

Note: Instructions marked with|(*) do ndt appear on Drum.

PRI — S —_— [t S,

RU.1315s
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IBM TYPLE 650 PROGRAM SHEET

PROBLEM: Revised Mu}‘fc:lply Routlng WRITTEN BY:
INSTRILOCATION OF OPERATION . ADDRESS
NC. IINSTRUCTION| ABBRV. | GODE | DATA | INSTRUCTION ‘ REMARKS
0134 RAL 65 0037 01k1
o141 SLT 35 Q002 0097
.. 0097 STL _20__| o151 ! 0106
| 0106 | RAU 60 | 8003 0063
| ..,20063 __ ISRT.____1.30: 0002 __ | Ol9
- 817170119 RAABL 67 8oz m28
0| 0128 SL 16 0131 PO85
0085 AU 10 0089 0093
0093 .. { BRMIN _ .} 46 | 0096 0147
0094 su 13 % : 0103
0103 | Bl 16 _[_o61
(0} (N SLT 35 0002 0117
0117 . __LAU. 10 8002 0075
0075 RSU 61 8003 0138
0138 . _| SRT 30 0002 0095
o147 - 18U 11 | 8001 0155
01K85 AL .15 8001 0113
0113 SLT 35 0002 0121
- lolel. . AU 16 802 0115
0115’ RAIL 60 ; 8003 0138
* | 0095 MPY {19 +/ 0151 | 0109
#* _|-0109 LD 69 8003 . 0173
% | 0173 ST, 35 | 0002 0181
* | 0181 SRT 30 (0,00} § 0042
# 100k | SCT . 36 | 0001 0100
% | 0100 LSRY . 30 0009 0170
* | Q170 | BROWQ 47 Q1ah: Q125 OV if product of form x,xxx XX
* | O12h SRD - 3L 0002 0082 Product of form X.XIOKXX
*_| 0082 BRNZ .| 45 | 0086 0083
_#* | 0086 STDA 22 0089 0047
* | Q0h7 STIA 23 0052 0163
* | 0163 RAL 65 8001 0083 Angwer into lower
0083 STL. 20 0037 0026 Finis
# | 0125 | SRD 31 0003 0135 Product of form XX. }anocx
# | 0135 STDA 22 0089 0094 .
_,%' Q9 _STIA 23 | 0052 0107
01Q7 BAL 65 | 8001 .| 011k
#*_| 011k BRMIN . L6 _; 0171 0123
* o171 ST, 16 Q126 0083 Ad just_exponent.
* | 0123 AL 15 0126 0083 -
__Constantss
0000 . . 98 o898 g8a8
0126 0Y-__1 0000 0000
Note: Am asterisk indicates s ¢hange frdm the progrem in Technical
. Newslettel’ NO. E . .
ik
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cnaii Attt nbteda it A A i A asa A o o o
B TYPE 077 PROCGRAM SHEET
PROBLEM. LOAD ROUTINE (Modified) for LLPR _WRITTEN 8Y: LASNIK and KEIRSTEAD
J— - R e e - —
LINSTRILOCATION OF OPERATION l‘ODHEQS o
NO |INSTRUCTION | aB8RV. cooi T ToATA T NSTRUCTICN: REMARKS
1996 RD 1951 1.1997 | d Entry
1997 RAU 60 1951 j 1962 |--—Load_En
11962 | SRT [ 30 (0004 11973 " |
L 11973 BRNZU | 44 11978 8001 1 Exit If mE0 T
L ,_19'15._ BRMIN | 46 (1982 | 1983 | _Plus Cards or Minus Cards?
11982 AU 10 1985 1989 i Minus Cards
..1989_ | BRMIN | 46 11993 11994 _; n =9 on Minus Card? __
i 1994 RAABL | 67 {1951 1986 | _No |n| —> 8002
....11983 _; _SRT | 30 ;0002 11990 _ | Plus Cards |
1990 LD | 69 (1981 1965 -
31965 _ | STDA | 22 11981 ~_ 11970 " | Set Address for Plus Card |
.. 1970 SRT 30 | 0004 1 1986 Plus or Minus Cards
... 1.1986. _ AL 1 15 11992 _ 1192 L .
1972 STDA:| 22 1987 . 11960 | _ Set Store loop Count
bee . 21993 L _SRT i+ _ 300002 . 1967 i1 =9 on Minus Cards
11967 LD | 69 [1981 1988 e -
|2988_ | S| 22 [1981. | 1996 | Set Address for Mimus Card ]
1966 .. BAU. .. 6011992 11968 . . ... e e e« et ee}
1968 AL | 15 11981 18003 | Initiate 1091-; e e ]
8003, | ___Ip_ | 69 1[953 ..} 8002 | e+ et e ]
#8002 STD 24 | boox ] 1961 - | _Store Card . ___ —
1999 _ AU 10,196/ 1969
1969 AL ! 15 ;8001 1971 N
1977 STL_l. 2011981 1984,
1984 1 SU_; 11 198711991 Up Loop_ . _ .
1991 | BRNZU .|. .44 ..1.1995 1996, . ... _ Done2 e erear e s o]
11995 __AU 7710 18001 18003 No, Continue Loop '
1985 | ... ..|..00_ 10000 0008 ) - , .
. 11992 69 1952 goo2 Ty T T ’
#1987 69 11952 8002 Constants
11964 00 0001 | 0000 .
1981 2/, | 0000 1961 | -, i
- .
NOTE ; INSTRUCTIONS M WITH A (*) DO NOT T
ﬁy PEEHI\Z‘L\EENT “STORAGE POSITIONS
KL. 1315 PAGE OF
96 040




PROBLEM eh—> B - — WRITTEN BY:_ .. o, o o
Storage locatlons 0466-0566
INSTRILOCATION OF OPERATION ~ ADDRE'SS !
NJ 'SS?TRUCTION ABBRV. | COOE DaTA  INSTRUCTION] REMARKS
0022 SLT 35 0002 | 0503
0503 . | LD ~ | 69 0559 | 0hé6
___DL66 . .~ STDA | 22 OL78 | 0550 | Set exit to Store 4n s_in B
0550 RAABL | 67 0037 0558 ,
0558 SL 116 0561 0515 _ o
" p515 | BRMTN | L6 | 0h68 | 0518 ig Al > 50 in 10?
. 05185 RAU__-| 60 003710510 ___Yes. e
510 BRMTN | L& oh78 6005, is A negatiwve? If NOT STOP
0Li68 AL 15 ah71 i ol7s . [Al.S 50 in
oL75 _BRMIN | L6 ol66 | 0531 is__Jal > 10710
—_PS3l. RAL 65 0037 . 00557 Yes. —— —
_ 0557 SIT 3s 0002 0513
513. SPL.. _|.20 OL67 .1 0hk70 (A = 0LE7. L
L70 RAARL,. | 67 BO(LL ol77
W77 | St 16 oh8o__ioh8s | .
L SIT - 38 (00181 o LYY
0515, BRMTN | L6 0500 ___| 0501 s_Jal » 1 ‘
500 SL 16 0553 10509 Ho: Modify Shift Right Inst.
501 AL 15 055k .| 0509 iYes:z Modify Shift Left Inst.
0509 STL 20 0521 | 051l _ .
S1h— RAL 65 OL67-.-1 0521 e _—
521 CSRT 30 | 000X) | 0527
/ST 35 000X | R
S ——r
N527 DIV | oh81 | olib9 A/kn 10=I+r . S
159 STL 20 0473 8 !Eﬁa +I.=>
DL76 SRT 30 0009 7 r=1+mw ,&j - 8003,*,3 - 8002
DSL7 STL 20 0552 | 0555 S - 0552
D555 SL 16 8001 | 0511
D511 SIT 35 000k [ 0519  |Modify ias:l;-.r‘!ult. Inst
D519 _AU 10 Q522 0532 N
D532 STU 21 0h99 | 0512
D512. RAU 60 oh8h _jo5h3 ; e
543 MOLT |19 0552 _ 10517 Mg S = K19
517 | RAD 60 8003 053% '
533 AU . | olégg olgt_ 0
hol | MURE | 19 0 0 _[(Ag * K39)S=Kg_
ohzk | RAU 160 | 8003|053k
053k _AU 110 OhB87__ 1 oSkl ,
Q5L MILT 119 0552. _ 0566,_.,___ (Ag + Ko)S = Kg
o%A | Rau 160 | soox  logely - | . ..
Gf;ﬁi AU” - m n’;ﬂ"{ Qm ~: A Lo
W88 . | MHER . 119 6%2’,. 0525 - (A7 + Kg)S = K7
_los3s .. | Am 10 . | o089 - |oh9b
ook MIOT .18 0E5Z | (52s (hgt K7)S = K¢
0526 RATI 60 8003 0837 ' i
0537 Al 10 ohon. | 05hé -
__losh6 MUIP {19 ~ | . OR52 1079 (Ag_+ Kg)S = Ko
lolze RAIL ; 8003 . 10538
CALe1srs PAGE _1. OF. 3 _
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IBM TYEE 650 FROIRAM SHEET
PROBLEM: _ef —3 B e e WRITTEN BY:
INSTRILOCATION OF OPERATION __ ADDRESS “ o
NO lINSTRUCTION| aBBRV. | CODE | DATA | iNSTRUCTION REMARKS
0538 AU 10 | ohol Lot
0497 MULT 19 0552 __1 0529 ('Ai'i' . Kg).ﬁLeKh..._ e
0529 RAU 60 8003 __| 0539
0539 Al 10 0h92 0sh9
0549 MULT - | 19 0552 oh82 | (A3 + K) )S=Ky
> oh82 RATI 60 8003 | 0SkLo WS
0540 ATI 10 oho3_ .l ash8 . L .
05k8 MIIT | 19 0552 1 0530 (Ap*K3)5=Ko.
0530 RAU 60| 8003 | osh1 e
05h1 AU 10 0L9s5 = | 0498
0498 MULT | 19 0552 - Q562 | (A3+Ko)e=Ky .. __
0562 RAU 60 8003 | O5LZ : .
. 05h2 AU 10 0495 | 0li9g g~k :
0h99 Moz | 39 [0506+3) {0528 | (A *Ki)y® e (see note belaw)
0528 SCT___| 36 0000 | 0502 | e ‘
0502 STU 21 | 0560 | 0563 |e> —> 0560
.| 0563 SLT 35| 0008 | 0%2% i . .
0523 BSL | 66 8002 | 0564 A
056l SIF 35 | 0002 0520 -count.. to_8003:
0520 Al 10 | oh73. [ 05835 I-Cotmt -
0535 A% 10 0551 | 0556 51+ 1 = count = exp
0556 AL 15 Q560 0816 : ’
0516 SRD @\ 0002 | Oh78 e
0565 RAL 65 oL72 0}478 Ir £ <. 10710 get. Ans. to
oli78 STL 20 B 0026 |
- - Note
If 3 = -2 milt. by 1/e2
j = <1 mult.. by /e
j.=. 0 milt. by 1
Jw 1l milt. by.e
j=2 mu]t. by 82
< L Yv
- .
Rc.'}3|§ A -PAGE 1 0i3
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BM TYRE S50 CrGEA8 oDy
PROBLEM: ____e*—— B o WRITTENBY:
Constants;
INSTR{LOCATION OF OPERATION AOD‘(ESJ :
No. |NSTRUCTION ABBRV. | CODE | ' DATA lmsmw TION lL._ REMARKS
» 0559 STL 20 0000 0026 .| ___ ..

0561 52 1151 __} 2925 150 in 10

__.J.OL7L 12 135y . 2925 i . ——
0180 00 0000 | 0050

- 0553 30 0000 | 0527 .

0554 35 0000 | 0527
o481 23 0258 _ ;5093 . ._.In 10 -
0522 9 - | 0506 0528 ;

| 050k 01 3533 | 5283 l/e
0505 o3 6787 | 92
0506 10 0000 __, 0000 .e.,‘.’ e
0507 27 1828 1828 _ e

—-..].0508 13 8905 . 6097___ ie® ... ...
oL8L od 0000 | 0282 . ayg

- OUB6 00 0000__;.2825 ___lag
0487 00 0002 1 h79L ag
oL83: 00 00X9 | 8343 az . -
0L89 00 0138 8893. _. | ag
0490 00 0833 | 336L:__ . ag e e
oLol 00 U166 6666 a)
0ho2 0L | 6666 | 6661 a3y ...
0L93 05 00Q0 0000 iap
0oLk95 10 0000 Q000 }.’ ae_ — e e e e
oh72 50 1000 0000

_ . R
1
RL.13t5S PAGE L_OF+_
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1.

" THE LOAD AND PUNCH ROUTINE

THE LOAD ROUTINE
Deflnltlons

o Addressed Card: - see Plus Card.
';Control Field ' Columns 1-10 on & card.
' Field k: Columns 10k+1 through lO(k+l) on the card. k= 1,2,3,
dn... or’ 7 - A _ "
Minus: Card " One havihg‘anl”X"'Puhch-ih column 10.along with
vhatever .other digit may be necessary. -

Plus’ Cerd: .One hav1ng no "X" punch in column lO.

‘Un-addressed Card: see Minus Card.

Units column of Field k: Column 10(k+l), ,

Word: Any 10 digit number with sign. It may represent -either
an instructicn or a piece of data It is entered in field

-k with the most s1gn1flcant diglt in column 10k+1l and the
least significant digit in column 10(k+1l). The s1gn, if
the word is negative, is double punched an. "X" in the units
column of the field.  No extra punch is necessary if the word
'is positive. Every colﬁmn of the field must be punched and
only the units -column should be double punched.
: The Control Field. _ ' o v

‘Columns 1-5: ﬁunched 0,0,0,0,0 respectively. .

Cclumn»6} hPunched'with a single digit, n, permissible vaiues
. of,which'will'be enumerated in the following sections, Plus

Cards and Minus,Cerds.

Columns T-9:- ?unched-With the first 3 digits'of a b digit

number having significance to the load routine in the cir-
cumstances to be described. in the two sections, ‘Plus Cards
and Minus Cards, below.

Column 10: Punched with the fourth digit of the above-mentioned
" four digit number in the case of Plus Cards. In addition to
this fourth digit, column 10 has an "X" punch if the card is
& Minus Card. | ‘ ‘

&
L
g
on]
T
S
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Plus Cards .
If n (column 6 in the Control Field) is zero, fields 1-T on
the cafd are ignored, and the load routine will transfer control
to that instruction whose location is determined by the four
digit number in columns T-10 of the Control Field of the card.
If n is one of the digits i32,5,... or 7, fields 1 through
n, respectively, of the card a&e transferred to the consecutive
locations on the drum-sﬁarting‘with that one whose address is
given by the four digit ﬁumber in columns 7-10 of the Control
.'Field of the Card. _ 4 _
' Valués of n other thén thosé'listed above. are not permissible
for Plus Cards.
Minus Cards ,
If E'(column 6 of the Control Field of the card) is zero,
‘fields 1-7 on the card are ignored and the load routine will
' traﬁsfer control to that location whose adddress is aetermined
by the'foﬁr-digit number in columns T7-10 of the Control Field
of the card.

If g equals 2, an address is entered iﬁto the load routine
which is that of the first of a sequence of locations to which
information from,succeeding cards (on which nfO or 9) will be
sent up by the load r¢u£ine. Fields 1-7 of the card are ignored.
This address is -taken from columns 7-10 of the Control Field of
the card. )

If n is one of the digits 1,2,3,... or 7, the n words, fields
1 through Evrespectively, of the card are stored on thé.drum in
consecutive locations starting with the location whose address
is one greater than that of the location to which the last word

- on the preceeding card (éh which n%O or 9) was sent. The four
digit number in columns T7-10 of the Control Field of the card
is ignored by the load routine. Hence these digits may be used
for card identification purposes.

Velues of n other than those listed gbove are not ggrmissible

on Minus.Cards.‘

(S
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Entering from Program

~ The load routine may be entered from ahy program by trans-
ferring-bontrol to drum location 1996{ Control is returnéd to

‘the program by the use of a card having n=0 (column 6 of the
control field) behind the deck of cards to be entered.

Examgle

. ConS1der the following load . deck contalning many of -the
: possible combinations that can be handled by the load routine.

Card L:

Card 2:

Card 3:

Card 4:

Card 5:

Card 6:

A plus card for which 2;3 and columns 7-10 of the

-control field contain the address 0300.

The load routine will send the word iﬁ field 1 to
location 0300; the word in field 2 to location
0301; the word in field'3 to location 0302 and read
in.

A minus card on which n = 2

- The load routine will send the word in field 1 to

location 0303; the word in field 2 to location 0304
and read in.

A minus'card on which n=9 and columns 7-10 of the
control field contain the address 03%20.

The load routine willl set its address..counter to

- 0320 and read in.
‘A minus card on which n=1.

The load routine stores field 1 of the card into
location 0320 and read in.
A minus card on which n=3.

AThe load routine stores the word in field 1 of the

card into location 0321; the word in field 2 into

'-0322; the word in field 3, into 0323 and read in.

A plus card for which n=0 and columns 7-10 of the
control field contain the address 0303.

The load routine transfers control to the instruction
in drum location 0303 and the program loaded on the
‘preceeding five cerds begins at that point.



-

2. .THE. PUNCH ROUTINE
“A, How to Get a Memory Dump:
. By loading the follow1ng word into the lower accumulator:
onAB + . (A), where n = 1,2,3,... or 7T
and then transferring control to drum location 1971, the punch
:-routlne will then punch out, n words to the card, all the words
_ in drum locatioﬁs‘A through B, ihclusive Minus cards will be
”‘punched if the word is negatlve and plus cards will be punched
if it is positive. ' '

The ‘routine may be entered ffqua program and when the
punch routine is.finiéhéd, control will be transferred to that
instruction whose drum location is entered by the programmer in
the. instruttion addreés of location 1902.

B. The Punch Routine may also be used to emit an X-punch in .column
75 or 76 on a card. See the How to Use the 650 sheet’ for details.
3. STORAGE REQUIREMENTS.
The Punch and Load routines are ‘scrambied together and occupy the
entire last two bands of drung locatlions 1601 -1999 inclusive. If
location 1959 is used for temporary storage by the programmer, 1t o,

must contain zeros before the Punch Routine’is used.

K. B. Williams/lm
June 12, 1956
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SHORT LOAD AND PUNCH ROUTINE (SLER)

The essential differences betweenthis routine and the regular Load and
Punch Routine (LPR)are as follows:

l, SLPR occupies permanently the locations 1951-1999 in memory
and uses the read buffer: 1901-10 and the punch buffer 1927-36. While'
punching, ‘the spaces 1901-1903 are used in addition to the punchigg '
buffer zone.

2. SLPR trea.ts all cards to be loadedasPlus (addressed) cards so

. that columns 7-10 must be filled in.with the address to which the in-

formation on the card is to be sent. This is true whether or not the

'first:fleld.is positive‘or negative. SLPR will punch. eilther Plus or

Minus cards suitable. for direct. reloeding with SLPR (or LFR with the use

. of the 9 card in case of Minus cards). CAUTION: If minus cards are
- to be punched ‘the number of words to be punched must be an integral

muitiple'of the number of words per card desired, Otherwise, the con~

trol field of the last card will not be'set properly.

3. The exit from the punch routine is in 1953, otherwise all entrances
are the same as in LPR; i.e. Load is entered at 1996 and Punch at 1971.

" Other than is_noted above,the instructions and definitions for LPR hold

for SLFR.

L. The Punch and Load porfions SLFR are coded in separate blocks.
The Punch portion occupies locations 1951-1979 and the Load routine oCc=
cupies locations 1980-1999.

K. B. Williams/im
June 12, 1956



" SHORT LOAD ROUTINE (SIR)

"This is a load only routine, identical to SLPR in that it will load
only Plus- (addressed)rcarda /[
It occupies spaces 1980-1999 and uses the buffer 1951-1969. ﬂ;
'TIt will not punch. o ‘ ' ;/ '
It is entered as with the other load routines at 1996. J/

K. B. Williems/Im
June 12, 1956

[ oe)
o
(=p]
D

S



I.

.. 8000 TO - 1851 1851
- Card 1

. (1851)
(1852)
s

(1854) -
- (1855)

FORMAT FOR INITTAL. LGADER CARDS

June 13, 1956

Long Load and Punch Routine (LLPR)

Card 2
(1951)
(1952)
(1953)
(1954)
(1955)

(1956
(1957) -
(1958)

- The last card. contains all zeros. The last'2>WOrds of the card

70
69

P

&
69

1951

1952
1954

T 1956
+'1958

1852
1951

195%
1955
1957 °

(and succeeding cards )
Mmﬁl)l%}

24

Word 1

ook

Word 2

2k

L(word 3)

Word 3 N
L(word k&)
Word 4

2k -

preceding it are:

- II.

(8s1)
(1852) "

(195T)
(1958) -

70

1851'

1851

. L(word 2)-

1851
1996

4185& ‘

1855

1851

~ 'This clears read buffer 1851 1858 to zeros before transferring
control to the Load Routine '

' Short Load and Punch Routine (SLPR)

8000 - 70 1851 1851

Card 1

(1853)

 (185k)

(1855)

&

69

69

70.
6
o

© 1901

1902

1904
-41906

1908

1852

1901
1903
1905
1907



e

4

Card 2 (and succeeding cards’)
_ Same as Long Load and Punch Routlne
IIT. Short Load and Non-Zero Punch Routine -

8000 7O 1851 1851
Card 1 ’ .

(1851) 70 1951 .1852
(1852) 69 1952 1951
(1853) 69 1954 1953 .
(1854) 69 1956 1955
(1855) 69 1958 1957
- (1856) . 70’: 1851 1996 |
Cara 2 o |
Same: as Long Loed and Punch Routine.
The last card is all zeros. The. C(l957) from the preceding card

.is 2k XX 1856 which 2lears the read buffer 1851-1858 bvefore trans-

ferring control to the load routine
IV. Short Load Routine

Same as. Short Load and Non-Zero Punch Routine

. V. Multiple Storage Check (Msc)

18000 TO 1851 or 70 0001 0003*

.Card 1 Same.as card 1 SLFR

Card 2 {and succeeding cards) same as card 2 SLER.
Last card reads: .

(1901) 2k 0000 1903

(1902) 00 0000 0000

(1903) 24 0001 190k

(190k) - 2k 1851 1905

(1905) 24 1852 1906 T /

(1906) 24 1855 1907 | | |

(1907) - 24 1954 1908

(1908) - 2k 1855 1996

This card olears'the storages used by the etorage elear card as well
as the read buffer 1851-1858 before transferring control to MSC. -

* A storage clear card should precede the MSC.

K. B. Williams

o 1m
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AN INTERPRETATIVE FLOATING DECIMAL SYSTEM FOR THE IBM TYPE 650

Introduction 3
This floating decimal system will perform 23 basic operations using a
floating decimal number system by means of interpretative programming.'.It wasg
designed w1th coding convenience as a prime objective,
Floating decimal instructions, that is, instructions which are to be -
interpreted have a negative sign. A floating decimal instruction consists
- of a two digit operation code, a 4 digit address Specifying the location of the h
- first factor, a4 digit address specifying the location of the second factor (if
required) andAanother A«digitladdress specifying the location of the third factor
(if required). It is a variable address system in that only as many addresses
‘as are needed for ‘the particular operation are-required. Thus, some Operations
use only one address, some require two addresses and others require 3 addresses.
Floating decimal instructions will be taken from consecutive memory locations,
If an instruction requires one or two'addresses, the instruction is stored in
one memory location. Ifgthree addresses are required, the third address is
stored in the memory location'inmediately following‘the one containing the
instruection, ‘ o
Should a positive instructicn appear, it is interpreted as a normal 650 .
instruction and subsequent instructions are not interpreted; .Thus, upon |
'occurrence of a positire instruction the 650'0perates in its usual D-I mode.'
This continues until an instruction address of 0026 is given which causes
control to return to the interpretative routine, The program will return to'
the floating decimalrmode ofioperation at-tne point of departure,

For example,'consider the following sequence:

-:_-
596 052



Location ‘) ' Contents

.o | " floating point instruction (-)
n+l _ , C floatihg point instruction (-)
n+2 o : fleeting point'instruction (-)
nt+3 | | | normal 650 instruction(+)

(The contents of n+3 are interpreted as a normal 650 instruction including
the instruction address for*sequencihg; .Normal execution of instructions

continues until 0026 is ﬁsed aS'an-instruction address, at which time the

'program returns to the floating dec1mal mode of operation beginnlng with

~ ‘the instructlon location n+h)

NUMBER FORM
" Exponent +50°
- Mantissa
X foooooox\ +

where the Mantissa is in the form 1.5‘x.xxxzxxx<’10

INSTRUCTION FORM

Floating Point Command

lst Address

L{ F____;____ 2nd Address
location i+l'xx‘£;xxéasag ' '

‘7 s
location i+2 00 Xxxx“ 0000 _er addres

i+2 has this form only if the 5rd address is needed, otherwise the form
of i+2 is the same as form of i+l.

START OF -PROGRAM R

To enter the interpretive roufiﬁe fbr the fiﬁiﬁ time to begin a se-
quence of interpreted instructions beginning at memory location i+l, the
programmer must arrange to insert'fhe'number i+l in.the data address of
locatioﬁ_0029. Then a'programmed transfer te 0029 will begin the proper
sequence of interpretive instructionsf (See the "Hints and Aids" follo#ing

this paper).

. , | 8996 053



FLOATING DECIMAL ACCUMULATOR

A floatiﬂg point accumilator referred to as k(location 0057) is used for
accunulation and aécumulativé ﬁultiplication. It need not be addressed in
operations whicﬁ make use of it but can be addressed for other bperations.
CPERATIONS | " | | |

'Beléw is a 1istAof’£he'0pergtiéns with their codes, addresses required.
and estimated avefage'timé of‘execution. o

- Code and Addresses A Operation Eétimated‘Average Time

01, A, B . MB—K 62.8
2, 4 o | mK——K | 5447
03, 4, B o . AB—k 63.1
04, A K-A—>K - 9.5
05, 4, B, C o | . MB—c 81,8
06, A, B,"C | AB—scC 96,2
07, A, B, C - - mB——G 84,08
08, A, B | | AXB—sK | 78,4
09, 4, B, C , . A/B'——;c,' * o 92,2
10, A, B - AB—>K 72,2
11, A, B BRMIN A - 284
12, 4 BR | A '18,,7
13, A, B RN A 30,8
14, A, B (AXB)HEOK 102,55
15, 4, B K-(AxB}K 102,5
16, 4, B YE—>B | 1579
17, A, B, ¢ - | A% B C% —>K 416.3
18, A1, B, n | e 51 AyB; —K (32.4 92,3n)
-3e
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Code and Address . Operation

194, B | SinA-~3B
20 A, B Cos A - B
21A,B - . ' 1nA-3B
224,B | ) . et =B

23 A, B ' . - tanla-B

EXPLANATION OF PROGRAMS

l. General Interpretation

| | The general interpretation routlne takes instructions. from con-
secutive: memory locations and analyzes them to see if tney are normal 650:
1nstructlons or if they must be interpreted If the instruction is to be
interpreted, the routlne-obtalns the factor at address A and stores it in
location 0037. Control is_then transferred to the proper sub-routine; |
Each subroutine (operation codes Olué?23)'begins atbthe drum location
identical to the operation code. Thns,'if operation code 08 is used, con-
trol»is transferred to location 0008.
2. OQOperation Code 16 Square Root‘

This subéinterpretative routine computes the reqnired square root
and stores it in location B. The initial approximation is X = (1+44)/(4+A),
obtained from the RAND Corporation "Approximations in Numerical Analysis™
form 158, Notes, | _

3. Operation Code 18 Vector Multlplicatlon |
" Operation 18 is a vector by vectmrnmltiplication.‘ Address Al

and address Bi are the addresses ofxthe first elements of each of the

'flgivectors Succeedlng elements of the vectors are then taken from conse-
Icutlve memory locations starting w1th the initial locatlons Al and By- The

“'third address, n, indicates the number of elements in eachvector.

-4_
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Use is made of the sub-interpretative routine "Interpretation of 1k

"‘to perform.. accumulative multiplicafion. As each pair of factors are multi-

plied together and added to the previous sum, n is rgduced by 1 and zero

tested. When n has been reduced to zero, the last two factors have been -

‘multiplied and theoperation is complete.

4, Operation Codes 19 and 20 - Computes sin © or cos ©

/e/< /2 x 10%0 if ¢ exceeds this range an incorrect answer will

result. © is positioned so’ that division by "'/2 results in @ = I + f where

£<"/2 and T is an integral. NOTE: © MUST BE IN RADIANS.

If cos © is to be computed thén /I/ + 1 = I and /f/ - f.
If sin © is to be computed and © is negative then /1/ +2-1I..

The adjusted I is divided by 4 so that. I/4 = Q+R.

if R =0 then /f/ - £

L£R 1 then /2 - f£/ <t
if R = 2 then - /£/ > ¢

if R = 3 then /f/ - “/é - f'

(£.2/n). = x where = 1¥x<1. o
and sin (x) I 1.570796318(x) - .6&5965711(;43)
+ .079689679(x7) - .004675765(xT)
| ¥ ..OOOlASIl'h8)+l9A(x,9) -
Lécations 0466 = 0569 are uéedbfér’this rbﬁtine. The relative error is not

more than 5 in the 9th decimal.

. S. Operatioh'que 21, Computes 1ln A.

Iet x =y . 10K

where .1l<y 1

&

w

(op]
>
)]
=g



it ye X
10
we use

@A) mx= (K-3/4)1nl0+2X* |
2 ,t4+_2, t6+'w t8)+2t,A

2 42
. ¥ = Et2+ =
where 23 t (3 5 5 5
and t - L—=310°
L 'y+l(_)"_3 A
g% . (22/81)
9 - (11/9) -
" and if y> Y10 -
o 10 .
we set y = vio ey
10
and K= K+ %
E and go back @
This roﬁtihe uses vloca"bio'ns 0466-0566
6. Operation Code 22 - Computes e"X
-50Lnl0 < x < 50 Ln 10
Procedure: - o
ﬁa, = (1 LnlO +r) where: i is the integral part of
: . : ‘ quot. and r, the remainder
Xo el Inl0+r _ oiIn10.  or _ 10l el |

Following division by Lnl0, r is in the range
| -Lnl0 <1 < Lnl0
or approximately -2.3 ¢ r < 2.3

we now split r into an integral part j and a fractional part s. ~
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X% 1In 10 + (j+s)

ex = 101 .“ej .leS

where eJ is,one‘of the above values. We then comppfe only eS using a
Chebyshev Polynomial. The‘er;or is not more'tgah 5 in the 9th
decimal. This routine usés;locafions,Oh66%05§6.

1 oy

7.' Operation Code 23 - Cgmbutes tan™ x

If /x/<1, ten™tx ='Zai x2i-1
. i=1

I T - _1\2i-1
it /x/>1, t'a.n l'x‘ n/h +;ai(%)
- The coefficientsiused are»takén fromfRAND COrporétion Approximations

in Numerical Analysis, fqrm iSS. |
*::.tLocatibns.Oh66-0566 are used. The error is not more than 4 in the
eighth decimal. | | | |
STOﬁAGE .

| Operations_Ol;l8urequiréA466 stdrage.locations; It uses locations
0000 through Oﬁ65._ Every‘locatibn within this block is used, thus making
it easy to ;néorporate this‘proéram with ofher progranms .

LOADING

The -interpretive routine and the commands for operations Ol ﬁhrough 18

can be loaded with the regular load routine. These commands have been

| punched sever per card and are entered into locations 0000-O465:

gg6. S8
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LeKe: 7789
Operations 19-23 have been coded so that only‘the operations to bé used
need be entered on the drum. Therefore each subroutine was coded startiﬁg
with location O466. The sin and cos foutines are coded as one unit and
therefore must always be entgred as one block. When more than one of these
subroutines is used all but one subroutine must be translated, which can
be done by»using the translating routine. This translation must always
be by an even ampunt to preserve the eﬁen-odd conditions.

A prbgram using the interpfetive routine can be loaded on with ad—
dressed or unaddressed cards. It is suggested that they can be loaded as
unaddressed cards_with only one instruction per card until the program is
checked out. Since all instrucﬁionS'uéing the interpretive routine must
be in sequenée it will be easier to édd and delete instructions in a pro-
gram if the instructions are entered one per card. After the progrem is
hheckedAoup, the instructions can be punched out T per cards for ease in
future loading.

LOADING PROCEDURE SUMMARY

1. Load Routine
2. Interpretative Routine (Operations 01-18)

3. Translating Routine [?f more than one subroutine (operations
19-23) is used]

4., Transfer to translating routine (Card punched 000000 1729 in
.cols. 1-10)

5. Subroutines ‘to be translated with a translator Eard preceding
each subroutine.

6. Transfer to Load Routine (Card punched 9900001996 in cols 1-10)

7. General program using Interpretative Routine
NOTE: If translating routine is not used, do only steps 1,2;7.

-8- -
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