
KAERI



提

韓國에너지짧究所長 貴下

出 文

이 報告書흘 1982 年度 짧究報告書로 提出합니다.

훌훌題名 : 庫子맺事故解析 및 評價

第 l 部 KAERI Improved Nuclear Environmental

Package ( KINEP )

liij究實任훌 : 先ff:~究員

共同昭究者 • "

"
~ 究 員

"

1983 年 l 月

~農洙 ( 安全解析專門훌員室 )

張鍾和 ( 源子훔系統맑究室)

韓基仁 { 願子뱃第 l 專門훌員室 )

鄭法東 {安全解析專門훌員室)

~熙喆 ( " )



요 약

隱子力鍵電所 系統의 安全性分析用 電算[.:n.드인 RELAP5/MODl 을 美國

National Energy Software Center ( NESC ) 로 부터 導入하여 本짧究

所 電算機 CDC CYBER - 73 으로 사용될 수 있도록 降正. 補完하였마.이

適댐作業운 주로 NESC Enviromental subroutlnes 中 Flle manage

ment FTB部分의 Internal Fi Ie 取級方式을 Process File로 取짧

로록 지 흔 KINEP( KAERI Improved Environmental Package) 를 보완

하고 펼요한 RELAP5/MODl Program을 嚴正하였다. 本짧究所 電算機

어l 適用펀 RELAP5/MODI-KAERI는 빼題計算들올 통하여 計算.의 正確

性과 거억장~l 용량의 큰 제약을 받지 않고 사용될 수 있음이 업증되

었마.

또한 一次元的 二群據散方程式의 定常狀願 및 過鐘狀願의 解를 구하는

POKIN電算코드를 開發하였다. 遺違效果를 계산하기 위하여 필요한 熱

水力모벨은 鍵購이 얼어냐지 않는 뺨心狀顧下에서 F윌훌퍼材 모탤응 -핏元

的으로. 燦料棒모탤은 주어진 뿜빼材 간격내에서 lumped parame ter 모

벨을 사용하였다. 이 코드에서는 過藏狀觀즐 冷뼈材의 入口溫度와 流量

흑응 制細棒의 흉흉化에 의해서 일으킬 수 있으며 定常狀態껴l 산에서는 制

佛棒의 位置플 조절함으로쩌 臨界{直에 도달하게 되어 있다.



SUMMARY 

Reactor Management Division of Korea Atomic Energy Rese

arch Institute has, so far, adopted, modified and developed 

quite a number of large programs for nuclear core analysis. 

During the course of this work, it was found necessary to em

ploy some standard subroutines for handling data, input proce

dures, core memory management and scratch files. Many programs 

share lots of common subroutines and/or functions with other 

programs. Above all, some of them are in lack of transmittal. 

During the installation of big codes for CYBER computer, 

it has drawn our keen attention that many elementary subrou

tines are heavily machine-dependent and that their conversion 

is extremely difficult. After having collected and modified 

the subroutines to fit in different codes, it was finally named 

KINEP (KAERI Improved Nuclear Environemental Package). KINEP 

has been proved to be convenient even for smaller programs for 

general purpose. 

The KINEP includes about one hundred subroutines to faci

litate data handling, operator communications, storage alloca

tion, decimal input, file maintenance and scratch I/O. 
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FORWARDS TO REVISED VERSION 

Since 1980, KINEP was installed at KAERI EDP System. Many 

computer applicants use KINEP to solve their problems in pro

gramming and they found some features of KINEP are difficult 

to understand. Moreover during the last two years,. KAERI EDP 

System was upgraded to NOS 1 and a CALCOMP plotter was installed 

These changes naturally lead to modify KINEP. 

Major modification in the revised KINEP are a group of 

plotting routines and some frequently used mathematical func

tions. 

Plotting routines are for CALCOMP plotter. They composed 

of basic software transmitted by CALCOMP with slight modifica

tion. 

Mathematical routines included are a Lagrange interploat-

ing routine and a linear equation solver. Other modifications 

are on INP and FTB. 

Current version of INP processes only first 72 characters 

of data card whereas old one full 80 characters. Some auxili

ary subroutines are included for flexible use of INP, also. 

Revised FTB has no remarkable changes in user aspects. 

But direct CIO interation permits more core space for user and 



fast execution. Some subroutines are included for conveniency 

of KINEP users. 

Under KAERI NOS, KINEP is released with user number LIBRARY 

Typical control cards to access KINEP are as follows: 

ATTACH (KINEP/UN=LIBRARY) 

LIBRARY (KINEP) 
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I. MISCELLANY 

1. ZEROUT - A Subroutine to Zero an Array 

Subroutine ZEROUT sets to zero an arbitrary length of 

sequential words. The calling sequence is 

CALL ZEROUT (A(I), NUM) 

Where 

A(I) = Storage address where zeroing is to start 

NUM = Number of 60-bit words to zero 

2. PACK, UNPACK - Bit Manipulating Routines 

These two subroutines can be used to pack (unpack) into 

(from) an 60-bit word. The calling sequence is 

CALL PACK (WORD, NOITMS, NOBITS, ITEMS) 

CALL UNPACK (WORD, NOITMS, NOBITS, ITEMS) 

Where 

WORD = The packed word 

NOITMS = The number of items to pack (unpack) 

NOBITS = An array giving bit-field-width for each item 

ITEMS = An array containing (to fill with) data items. 

All items to be packed are assumed to have zero bits 

everywhere except possible from bit zero througth the speci-
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fied field width, i.e., all items are assumed to be positive 

integers anchored at bit zero. This is important since packing 

will be incorrect is violated. The first field begins at bit 

59 in the packed word and fields continue toward bit zero. 

Therefore partial fields may be unpacked by giving proper field 

width up to the desired fields. The unused protion of the 

packed word is zero filled. 

3. SQOZ, UNSQOZ - Floating Point Packing Routines 

These two routines are used to compress (expand) an array 

of floating point words into (from) an array of packed (un

packed) words, two per word. The calling sequence is 

CALL SQOX (A, B, N) 

CALL UNSQOZ (A, B, N) 

Where 

A = The array of packed words 

B = The array of floating point words 

N = The number of floating point words to compress 

(expand). 

The number of bits used for fraction and exponent allows 

a magnitude between about 10~34 and 1034 and 6% decimal places 

of accuracy. 
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4. Storage move 

These routines transfer 60 bit words between small core 

and ECS. 

MOVE9 is the basic small core data transfer function. 

In this routine, the procedure of data transfer is specified 

by user. Another more protective small core transfer routine 

is MOVE. These two routine differ in data transfer mode that 

MOVE 9 employs one by one method and MOVE employs bulk method. 

These two method seems quite similar but the difference appears 

when the two storages for transmitting and receiving are over

lapped. 

WRITECF and READECF transfer the data from for small core 

to/from ECS. They use ECS as direct addressible area. All 

responsibility for the other kind of ECS resident common area 

protection is up to user. M0VE2F is a routine to transfer the 

data between ECS area similar to MOVE 9. 

The calling sequences are 

CALL MOVE (C, I, J, K) 

CALL MOVE 9 (A, B, K) 

CALL WRITECF (A, IB, K) 

CALL READECF (B, IA, K) 

CALL MOVE 2F (IA, IB, K) 



Where A or C(I) array from which data transfer begins 

B or C(J) array to which data are received 

IA ECS address from which data transfer begins 

IB ECS address to which data are received 

K no of 60-bit words 

5. CONTL-Control Card and Operator Communication 

These routines will get or give information from or to 

operator. 

5.1 GETCARD-Control Card Reader 

This routine will get information from run time control 

card. The control card of the step should be in following 

format 

LGO. (XXX, NNN, MMM) 

Where 

LOG = Control card name which does not include left 

parenthesis ('('), terminate with a point ('.') 

XXX = Optional alphanumeric composed of less then 9 

characters including blanks 

NNN = Optional unsigned octal number, No imbedding blank 

allowed 

MMM = Same as NNN 
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The calling sequence to GETCARD is 

CALL GETCARD (X, N, M) 

Where 

X = The left justified form of XXX (default is current 

JOBNAME) 

N = NNN * 1000B (default is 10000B) 

M = MMM * 1000B (default is OB) 

5.2 MESAGE - Dayfile Message 

At most 40 character message is displayed for dayfile. -

The destination of message is control point message area, job 

dayfile, interactive terminal or combination of them. The 

calling sequence to MESAGE is 

CALL MESAGE (X, N, ID) 

Where 

X = Array that contains the words to be displayed 

N = # of words to be displayed 

ID = Destination of message option 

0 : Enter in system and job dayfiles and control point 

message area 

1 : In control point message area only 

2 : Same as option 1 

3 : Enter in job dayfile and control point message area 
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4 : Display on B display but do not record else where 

5 : Dayfile accounting message 

6 : Same as option 0 but do not send to user's terminal 

7 : Same as option 3 but do not send to user's terminal 

8 : Display on B display and record in job dayfile 

Others : Same as option 0 

6. Timing Subroutines 

The interval timer routines provides the user with the 

means of determining the elapsed time of his task. 

Initially TIMSET is called which sets a programmed timer 

to zero. The time measured is CPU time in second for his job. 

The subroutine maintains two nested measures. The outer 

measure is usually used for the total execution time for a set 

of data, and the inner measure is used for timing loops. 

6.1 TIMSET 

This subroutine sets both measures to zero 

6.2 TIMEL (X) 

This subroutine is used to obtained the inner measure of 

time. X is returned as seconds in floating point form as the 

elapsed time from the last call to either TIMSET, TIMEL or 

TIMER. 
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6.3 TIMER (X) 

This subroutine is used to obtained the outer measure of 

time. X is returned as seconds is floating point form as the 

elapsed time from the last call to either TIMSET or TIMER or 

6.4 REMTIM (0) 

This function returns the remaining CPU seconds for the 

job in floating point form. Job card T parameter or operator 

command will affect the value. 

7. Finishing routines 

7.1 SUBERR 

This routine is intended for use as a give-up type of 
0 

abort. It is usually called in logical conditions which the 

program anticipates never will happen. A traceback listing of 

the subprogramms called is put in the output stream. 

User should specify DEBUG = OUTPUT as the file declaration 

to avoid extra output. 

7.2 FINISH (IFLAG) 

IFLAG = 7777 Dispose output to line printer when sense 

switch 1 is on, then return 

IFLAG = 9999 Issue day file message FINISHED and Dispose 

output when SSI is on, then return 
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IFLAG>0 Issue day file message FINISHED and stop 

execution 

IFLAG<0 Issue day file message ABORTED and abort. 

8. ALOCFST - A Dynamic Storage Allocation Routine 

This routine allows run time core assignment. The calling 

sequence is 

CALL ALOCFST (K) 

Where 

K = Given length of block, ruturning as starting address 

of the block. 

Under NOS FDL (Fast Dynamic Loader), a direct field length 

request through MEMORY macro is useless. The only compatible 

tool is using CMM (Common Memory Manager). A FORTRAN user can 

use ALOCFST to interface with CMM. In basic loading or segment 

loading, the area, to be allocated is usually in blank common. 

Good call to ALOCFST will give the returning argument K to be 

location of COMMON + 4. And user should not destruct first 

three words of common. One should call ALOCFST prior to any 

special I/O operation. 

-10-



I. INPUT ROUTINE 

1. CVI - Input Subroutine 

1.1 Purpose 

The CVI subroutine converts data information to binary 

information. The type of conversion is indicated by the data 

itself rather than by external FORMAT statements. The subrou

tine processes data in fields which are self-delimiting and 

which can contain data in integer and floating point decimal, 

octal, and three Hollerith forms. The principal advantage of 

this input routine over the standard FORTRAN formatted input 

routine is that the input data need not be punched in predeter

mined columns. This allows the design of input data forms to 

be simpler and the key punching of the forms easier. The sub

routine also facilitates the handling of data cards with vari

able numbers of words per card. The routine coverts the data 

already in core or can optionally read the data into core. 

A typical example of data converted by the subroutine 

might be two cards punched as follows. 

105, 318, 105+2, -14, -25-4 S THIS IS A COMMENT 

10, 25, 2, 1E-3, -1.4+5, 245.65 TEST. 
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The subroutine would convert the data fields 105 and 318 

to their binary integer equivalents; 105+2 would be converted 

to the binary floating equivalent of 10.5. In a similar fa

shion, -14 could be converted to a negative binary integer and 

-25-4 would be converted to the binary floating point equiva

lent of -0.000025. The dollar sign indicates the end of the 

data fields to be converted, and the remainder of the card can 

be used for comments. The second card contains the integers 

10 and 25; the floating point numbers 2.0, 0.0001, -140,000, 

and 245.65; and the Hollerith quantity TEST. 

1.2 Data Field Description 

Data to be converted is grouped into fields. The con

verted information from successive fields is stored as consecu

tive words in the core. 

The conversion process uses a left to right scan of the 

card columns. The scan begins with a search for the first non-

blank character. Partial conversion occurs during the scan of 

the field, and the conversion is completed after detecting the 

end of the field. If errors are found, a number is returned 

indicating a column within the field (if detected during the 

scan of the field) or the terminating column (if detected 

during the completion of the conversion). When the conversion 
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of a field is complete, the search for a new field resumes. 

Thus, fields may be separated by any number of blanks. If an 

asterisk or a dollar sign is detected during the search for a 

new field, the scan is terminated, and the remainder of the 

card may contain comments. If a field is terminated by an as

terisk or a dollar sign, the conversion of the field is com

pleted, and the remainder of the field may be comments. The 

decimal, octal, and Hollerith fields can be mixed in any order 

on a data card; however, the rules governing the conversion 

are listed separately for each type. 

1.2.1 Decimal Fields 

(1) Each field generates one binary word. The field is 

initiated by the first nonblank character and is ter

minated by either a blank (note one exception in (4) 

below), a comma, an asterisk, or a dollar sign. 

(2) The sign of the decimal number, if present, occupies 

the first column of the field. A plus sign is assumed 

if no sign is present. 

(3) An integer is indicated if none of the following is 

present in a field. 

(a) A decimal point 

(b) A sign, called an exponent sign, following a digit 

in a field and followed by an integer number. 
-13-



(c) An "E" with or without a following exponent sign 

following a digit in a field and followed by an 

integer number. 

(4) A floating point quantity is indicated if any of the 

conditions listed in (3) above are present. The digits 

preceding the exponent sign or "E" form the fractional 

part of the floating point number. If nondecimal point 

is present, it is assumed to be in front of the first 

digit of the fraction. The exponent sign and following 

number are the power of ten by which the fraction is 

multiplied. The exponent field need not be present if 

a decimal point is used. One blank immediately follow

ing an "EM is treated as if it were a plus exponent 

sign. This is the only exception to the rule that a 

blank terminates a decimal field. 

(5) Leading zeros are ignored. However, zeros preceding 

nonzero digits are significant in 3 floating point 

number without a decimal point because of the assumed 

decimal point in front of the first zero. 

(6) Errors detected in decimal fields include illegal cha

racters , multiple decimal points, a decimal point in 

the exponent field, sign placement errors, multiple 

"E", no digits in the fraction or exponent fields. 
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A comma may be used only to terminate a field but a 

comma preceded by a blank is an error. Commas punched 

in adjacent columns are treated as an error too. 

Octal Fields 

(1) Each field generates one binary word. The octal (base 

8) field is initiated by the first two nonblank cha

racters being "/0". The field is terminated by either 

a blank, a comma, an asterisk, or a dollar sign. 

(2) The digits allowed in an octal field are the decimal 

digits 0 througth 7. No signs are allowed. The con

verted quantity is assumed to be octal integer. Lead

ing zeros are ignored. 

(3) Octal numbers can be considered a short, convenient 

form for binary information and are usually used to 

enter masks for packing and unpacking. Each octal 

number represent three binary bits. When entering 

numerical data, minus quantities must be entered in 

their one's complement form. 

(4) A field can contain 20 octal digits (60 bits). 

(5) Examples of octal fields are/0774,/037777770, and 

/01234567. 

(6) Illegal characters and magnitude violations are de

tected as errors. 
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1.2.3 Hollerith Fields 

Three types of Hollerith fields are allowed, two of 

which are identical to the Hollerith fields used in FORTRAN FO 

FORMAT and DATA statements. 

(1) Each Hollerith field generates one or more binary words. 

The two FORTRAN like fields are initiated by either 

their fi*st non blank character being a 'VM or by an 

"H" immediately following an integer decimal number. 

Fields started by a "^M are terminated by a 'V". Fields 

started by an "H" extend for the number of columns in

dicated by the decimal number preceding the "H". The 

number of columns indicated must not extend beyond the 

80 columns of the card. The end of a card cannot termi

nate the Hollerith field started by an "^". In these 

type of Hollerith fields, an error is indicated if a 

blank or a comma does not follow the field unless the 

field is terminated on column 80. 

(2) The third type of Hollerith field is indicated by the 

first non blank character being other than a digit, a 

plus or minus sign, a comma, an asterisk, a dollar sign, 

or a slash. Thus, the first character being an alphabe

tic character (or any other character except those just 

just listed) indicates the third type of Hollerith field 
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The field is terminated by a comma or a blank. 

(3) The first character is stored in the leftmost 6-bit of 

the storage location. Succeeding characters are stored 

in consecutive bits. Eight characters per word are 

stored. If necessary, blanks are inserted to pad out 

the last word. 

1.3 Subroutine Usage 

This subroutine is coded using the COMPASS. The program 

name is CVI. The entry names are CVIRC, CVIC. The standard 

subroutine linkage conventions are followed, and the FORTRAN 

calling sequences are 

CALL CVIRC (BCD, BIN, IC, NUM, NERR) 

CALL CVIC (BCD, BIN, IC, NUM, NERR) 

In CVIRC, a card is read from TAPE 5 into the 8 words array 

BCD. The card is read using the standard FORTRAN input rou

tine with 8A10 format. It the end of data is encountered, the 

program is terminated by the standard FORTRAN end of file exit. 

In CVIC, the card information is assumed to be already stored 

in BCD. 

The converted binary information is stored into consecutive 

locations in the array BIN starting at BIN (1). 
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For each converted binary quantity stored in BIN (i), the 

following code is stored into the corresponding integer array 

IC (i). 

code Meaning 

0 Binary quantity is an integer or floating point zero 

entered in a decimal field 

1 Binary quantity is a non zero integer entered in a 

decimal field 

2 Binary quantity is a non zero floating point quantity 

entered in a decimal field. 

4 Binary quantity entered in octal field 

minus 
non zero Binary information entered in Hollerith field 
quantity 

Hollerith fields can generate more than one binary word. 

The code for the first binary word of a Hollerith field con

tains the number of characters in the field as a negative quan

tity. Succeeding code words generated from the Hollerith 

field have a code 8 greater than the preceding code. The code 

for the last binary word of a Hollerith field contains a num

ber less than zero and equal to or greater than-8. The code 
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numbers do not include the blanks that may have been added to 

fill out a word. Thus if a card contains the fields "ABCDEFG 

HIJKLM." and MNOP", CVI would give 

BIN (1) ABCDEFGH IC(1)-13 

BIN (2) IJKLM IC(2) -5 

BIN (3) NOP IC(3) -3 

The subroutine returns in NUM, the number of binary quan

tities converted, until either a normal scan termination or a 

detection of an error. NUM would contain zero if either a 

blank card or a card in which the first non blank character is 

an asterisk or dollar sign. 

NERR is used both as an input quantity and as an output 

quantity. If NERR is zero on input and an error is detected, 

a three line error statement is printed on OUTPUT using the 

standard FORTRAN output routines. The first line is blank, 

the second line contains ERROR IN CARD BELOW AT COL. xx, and 

the third line lists the card in error. If NERR is non zero 

on entry, no error statement is printed on detection of an 

error. On return from CVI, if an error is detected, NERR con

tains the column number containing the error. 
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Note that the BIN array can have a mixture of real and 

integer information. Thus the FORTRAN variables used for this 

information must be chosen such that no desired integer-to-real 

or real-to-integer conversion occurs. Equivalence statements 

can be used to avoid problem. Also, a common user error when 

entering data with this routine is to enter a floating point 

number in integer form or vice versa. This can be detected or 

corrected by testing the contents of the IC array. 

Typical declaration statements used with CVI are 

DIMENSION BCD (10), BIN (40), IBIN (40) 

EQUIVALENCE (BIN (1), IBIN (1)) 

The i-th variable can be obtained from BIN(i) if real and 

from IBIN(i) if integer. 

2. INP - A Data Input Package 

The INP set of subroutines constitutes a convenient data 

input package for use with FORTRAN programs. The INP package 

is recommended for use in new programs since it offers several 

advantages to both program user and programmer. To the user, 

the package offers; free form input; card number to identify 

the cards; automatic removal of cards containing duplicate card 

numbers; arbitrary ordering of input cards except for duplicate 
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cards; arbitrary use of comment cards and comments on data 

cards; ease of preparing cases in which only moderate changes 

are made from case to case; and a listing of the card data. 

For the programmer, the package is convenient method for im

plementing a highly user oriented data input scheme and inclu

des: extensive checking of the amount and mode (integer, float

ing point, or alphanumeric) of data; automatic expansion of 

sequential and overlay type of input data; deletion of unneeded 

cards; checking whether extraneous input has been entered; and 

the ability to detect several errors during input checking. 

2.1 User Aspect of INP Package 

The organization, cards, and number utilization for input 

to the INP subroutine are discussed in the following subsections 

2.1.1 Data Deck Organization 

The data deck contains input for one or more problem 

sets. No relationship is assumed between problem sets. Each 

problem set consists of one or more cases in which the input 

data for cases other than the first consist of the data from 

the previous case plus modification cards entered for present 

case. Input data for case are separated by slash cards and 

the final case is terminated by a period card instead of a 
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slash card. The period card also serves as the separator 

between problem sets. A slash card has a slash as the first 

nonblank character on a card. A period card has a period as 

the first nonblank character. Comments may follow the slash 

or period on the slash and period cards. 

A list containing a card sequence number and the card 

image of each card is printed at the beginning of printed out

put for each case. 

2.1.2 Title Card 

A title card is designated by an equal sign as the first 

nonblank character on a card. The remainder of the card can 

have any alphanumeric characters. One title card should be 

entered for each case. If more than one title card is entered 

in a case, the contents of the last title card are used. 

2.1.3. Comment Cards 

An asterisk or a dollar sign appearing as the first non-

blank character identifies the card as a comment card. Any 

information may be entered on the remainder of the card. Blank 

cards are treated as comment cards. There is no processing of 

comment cards other than listing them in the card list. 
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2.1.4 Data Card 

All cards other than title cards, comment cards, slash 

cards, or period cards are considered data cards. The data 

cards contain a varying number of fields which may be decimal 

integer, decimal floating point, alphanumeric or octal. The 

rules for specifying fields arecompletly described in the CVI 

subroutine documentation. 

Data on a card may be continued by entering a plus sign 

as the first nonblank character on the continuation card. A 

field starting on a card must be completed on that card and m 

may not continue to the next card. The plus sign indicating 

the continuation card is not considered part of the first data 

field on the continuation card and may be placed alone or ad

jacent to the first data field. Continuation cards themselves 

may be continued. In subsequent processing, data on continua

tion cards are treated as if the data were all entered on one 

card. 

Comment information may follow the data fields on any 

data card (including cards that are continued) by preceding 

the comments with an asterisk or dollar sign. A default alpha

numeric field preceding a comment must be terminated by a comma 
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or the comment information is considered part of the alphanu

meric field. 

When card format errors are detected, lines containing a 

$ located under the character causing the error and a comment 

giving the column of the error are printed. A field contain

ing an error is converted as an alphanumeric field of $$$$$$$$. 

An error flag is set and input processing continues, but the 

job may abort at the end of input processing. Usually, another 

error is produced by a routine attempting to process the erro

neous data. 

The first field on a data card is treated as card number 

which must be a positive decimal integer number. If the first 

field has an error or is not a positive decimal integer, the 

card number is replaced by the current card sequence number, 

an error statement is printed, and the error flag is set. 

Data on the card is not used and the card will be identi

fied by the card sequence number if the list of unused data 

cards is printed. Continuation cards do not have card numbers 

since they are considered as an extension of the first card. 

After each card number and the accompanying data are converted, 

the card number is compared to previously entered card numbers. 
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If a matching card number is found, the data entered on the 

previous card is replaced by the data on the current card. 

If the card being processed contains only a card number, the 

card number and the data entered on the previous card are 

delected. If a card cause replacement or deletion of data, 

statement is printed indicating that the card replacement card 

The list of card numbers and associated data used in one 

case can be passed to next. Cards entered for the next case 

are added to the passed list or act as replacement cards de

pending on the card number. The resulting input to cases fol

lowing the first case is the same as if all previous slash 

cards were removed from the input to the problem set. 

2.2 Programming Use of the INP Package 

The INP package contains 11 subroutines or entry points 

which can be called by the programmer using the package. One 

call is issued to INP for each case in order to read and con

vert the data for the case, to replace or remove duplicate 

cards, and to form a sorted table of card numbers cross-refer

enced to a list. The list contains data words obtained from 

the cards and mode words generated during input conversion. 

Because of the sorted table, the order of cards in the data 
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deck is not important. The subroutine LINK accesses the table 

and can locate one card at a time. The subroutine MODER is 

used to check the appropriate mode of the data against a speci

fied list, also one card at a time. The INP2 subroutine is 

used to check data and to move data from the list to a speci

fied array by using calls to LINK and MODER. It can be used 

to process data from a single card or from a set of cards num

bered within a specified range and to check for minimum and 

maximum numbers of items and appropriate mode. The subroutine 

INP4 executes repeated calls to INP2 and modifies the call 

parameters to INP2 by specified amounts. The subroutine INP5 

is similar to INP4 in that it can process more than one set 

of cards, but it is more involved in that it expands the input 

in either sequential or overlay mode and stores the information 

in either of two orders. Function INP8 can be used to deter

mine whether there are cards in the list that have not been 

referenced by LINK and thus also INP2, INP4 and INP5. The 

function INP9 deletes cards which have been referenced by LINK 

from the table and list. The function INP10 deletes selected 

cards from the table and list. Subroutine INP6 and INP7 are 

used for error comments. 
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2.2.1 INP (XL1, NL1, ITL, NCASE, NDATA, ISW, IN) 

One call to INP reads all the input cards for the next 

case. That is, each call to INP reads cards from TAPEIN from 

its current position until either a slash card or a period 

card is read, or the end of the data set is encountered. 

The quantity NCASE is incremented by one. NCASE should 

be set to zero before the first call to INP. If a period card 

terminates the case, the sign of NCASE is set to minus. The 

calling program can test the sign of NCASE to determine whether 

this case is the last case of a problem set or another case 

follows. If NCASE is negative indicating the end of a problem 

set, NCASE should be reset to zero before calling INP for the 

first case of the next problem set. 

The parameter XL1 is an array of length NLl and is used 

to store the list and table plus a control word. The control 

word is stored in XL1(1). The list is stored starting at XL1 

(2) and extends upward in the array. The table is stored 

starting at XLl(NLl) and extends downward in the array. The 

space between the list and table is used for temporary working 

space. Data card information is converted to binary form 

through calls to the CVIC subroutine. The binary information 
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from a data card that is not a continuation card is stored 

starting at the beginning of the temporary work space, and the 

mode indicators are stored beginning at the middle of the tem

porary work space. The binary information and mode indicators 

for continuation cards are stored following the information 

for the preceding card. As each individual data card is pro

cessed, there must be 40 words between the end of the list or 

the last converted binary quantity and the beginning of the 

mode indicators. This space is necessary to prevent the binary 

quantities from overstoring the mode indicators or from over-

storing the table. Forty words per card are necessary since 

that is the largest number of quantities that can be entered 

on an 80-column card. After the last data card and any con

tinuation cards have been converted, the binary data and mode 

indicators are stored as if the data were entered on one card, 

and subsequent processing can proceed as if only one card was 

entered. A table word is then constructed, consisting of : 

(1) the card number or the card sequence number if the card 

number is illegal, (2) an indicator specifying whether a card 

number or card sequence number is stored, (3) an indicator 

specifying whether a card format error was detected, (4) a 

pointer where the binary information is stored, (5) the number 

of words on the card except the card number, (6) a use indi-
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cator which is set off. If there are data other than the card 

number on the card, the binary information is moved downward 

one word eliminating the card number for the list, and the 

corresponding mode indicators returned from CVI are converted 

to 2-bit indicators and stored in a packed form, 30 indicators 

per word, following the binary information. The table words, 

one for each card, constitute the table, and the list is made 

up of the converted binary information and the mode indicators 

The new card number is then compared against the cur

rent card numbers stored in the table. If a duplication is 

found, the table word containing the card number is replaced 

by the new table word. Space occupied by the replaced list 

data is retrieved by shifting list data downward over the re

placed data when the number of words on the replaced card and 

the new card are different or simply by overstoring the re

placed list data with the new list data when the number of 

words are the same. Table pointers are updated when list 

data are moved. When a replacement card contains only a card 

number, the card acts as a deletion card. The table word is 

deleted and the list space is retrieved by shifting the list 

over the deleted data. A message, "CARD ABOVE IS REPLACEMENT 

CARD", is printed below any card that replaces or deletes a 

-29-



data card. A card containing only a card number that is not 

a duplicate card number has no effect on the table and list, 

and no message is printed. 

A normal return from the INP subroutine is made if a 

period or slash card is read or an end of file is encountered 

after at least one input card was read. Before a normal re

turn, the table is sorted by card number and is moved adjacent 

to the list and the number of words in the list and the number 

of words in the table are packed into the control word at XL1 

(1). Upon normal exit, the absolute value of NDATA is set 

equal to the number of words needed in XL1 to hold the control 

word, list and table. The number of words needed is one plus 

the number of words in the list plus the number of words in 

the table. The sign of NDATA is set minus if no data cards 

(cards other than title, comments, slash, or period cards) 

are entered for a case, and in normal usage this indicates 

that no input data are entered and that a succeeding case may 

have input identical to the preceding case. 

On entry to INP, NDATA indicates whether the array XL1 

contains data from a previous case. If NDATA is equal to or 

less than zero, XLl contains no data from a previous case, 

-30-



and the table and list are assumed empty. If NDATA is greater 

than zero, XL1 assumed to contain data from a previous problem 

in the same format as that upon exit from INP. That is, XL1 

contains a control word "containing the number of words in .the 

list and the table followed by the list and table. The table 

is moved to the end of XL1 with the use indicators in the 

table set off and the input cards for the current case are 

then processed as described above. 

The argument XLl designates the location at which header 

title information (problem title) is stored. 

The parameter ISW indicates the return status. If ISW is 

zero, a normal return was made and no errors were detected 

during the processing of the input cards. If ISW is one, the 

end of data set was encountered when trying to read the first 

data card of a case and INP returned immediately. If ISW is 

two, a normal return was made, but card format errors were 

detected, and the list of input cards contains one or more of 

Error Message 3 through 6. The usual practice in this case is 

to continue checking the input data for additional errors, but 

execution is terminated after input checking is completed. If 

ISW is three, the array XLl is not large enough to process the 
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input data as indicated by Error Message 1 or 2, and INP re

turned immediately. 

2.2.2 INP2 (XL1, XL2, L3) 

The array XL1 contains the list and table data. The 

array XL2 is the array into which the data specified in the 

call is to be moved. The array L3 contains specifications as 

follows : 

L3(l) IC1, first card number 

L3(2) ±102, last card number. IC1 and IC2 specify the 

set of card numbers of the data that is to be 

moved into XL2. If IC2 is zero, only the card 

with card number IC1 is specified. If IC2 is 

nonzero, cards with card number C, IC1<C<L|IC2| 

are specified. Not all the cards in the range of 

C need be present. If IC2 is positive, the card 

numbers that are present within the range must be 

sequential and are processed in sequential order. 

If card numbers IC1, ICl+1, IC1+2, ..., ICl+a are 

present where ICl-f-a is the last sequential card 

number, a card with number Cx, ICl+a+2 < Cx< IC2 

is an error and causes Error Message 8 to be printed 

-32-



If IC2 is negative, the cards need not be sequen

tial and are processed in increasing order. 

L3(3) MIN, the minimum number of items to be processed. 

Error Message 8 is printed if fewer items are 

processed. 

L3(4) MAX, the maximum number of items to be processed; 

ignored if zero. Error Mesage 10 is printed if 

more items are processed. 

L3(5) NJ, the number of words to skip between item in 

XL2 ; usually zero. 

L3(6) +J, J, if positive is the starting location in 

XL2, on entry. ; input item n is stored in XL2 

(J + (NJ+1) * (n-1)). If J is negative, no data 

is moved, but all checking is performed. 

On exit, L3(6) or J is set to NMOVE, then number of 

items moved, if no errors were found and J was positive on 

entry. L3(6) or J can be zero indicating no cards with the 

specified card numbers are present if L3(3) or MIN is set to 

zero. If any card requested contains a card format error (as 

detected by INP) or if any of the tests specified in the L3 

array fail, L3(6) or J is set to -1 on exit. If J was nega

tive on entry, L3(6) or J is set to -NMOVE on exit if no errors 
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were found. Only the first error in the specified set of cards 

is found and processing is terminated after the appropriate 

error message is printed. Error Message 13 and 14 can be print 

ed by INP2 is addition to those noted in the definition of L3. 

L3(7), L3(8), L3(9), ... An array defining the integer, 

floating point, or alphanumeric format expected on 

the cards. Format information is defined in MODER 

description. Errors cause Error Message 7, 11, or 

12 to be printed. 

2.2.3 LINK (IC, IX, N3, N4, XLl) 

Subroutine LINK searches the table and list array, XLl, 

for card IC. The subroutine exits with IX equal to the card 

number in the table next larger than IC unless such a card 

does not exist and then IX equals -1. On exit, if N4 equals 

0, card IC is not in the table; if N4<0, a format error de

tected by INP is on card IC ; and if N4>0, there are N4 data 

fields excluding the card number on card IC and the data are 

stored sequentially beginning at XL1(N3). A use flag is set 

to "on" in the table entry for IC if it is found. LINK issues 

no error messages. 
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2.2.4 MODER (XL1, L3, N3, N4, N5, N6) 

Subroutine MODER checks N4 items of data stored sequen

tially beginning at XL1(N3) for appropriate format. The for

mat entries are -1 for alphanumeric, 0 for integer, and 1 for 

floating point. Cyclic repetition of two or more entries can 

be condensed by prefixing the repeated format by +N, where 

the magnitude is the number of items repeated, the sign is 

positive if it is to pick up at the stopping point of the pre

vious entry. To allow starting within the format specifica

tion, N6 is the number of items previously checked with the 

current format. On exit, N5=0 if no errors where found ; 

0<N5< 10,000 if item N5 should have been integer, but was not; 

N5<0 if item -N5 should have been floating point, but was not; 

and N5> 10,000 if item N5-10,000 should have been alphanumeric, 

but was not. A decimal zero is considered either integer or 

floating point as required to satisfy mode tests. MODER issues 

no error message. MODER calls INPUPK which is part of the INP 

package. 

2.2.5 CALL INP4 (IC1,+IC2, MIN, MAX, NJ, J, 1C3, NTIMES, NESJ, 

XL1, XL2, L5) 

A DO loop is executed NTIMES which includes calls on 
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INP2 where the first time through IC1, IC2, MIN, MAX, NJ, and 

J are as described under INP2 and L5 is the format array. The 

next time through, IC1 and IC2 are increased by IC3 and, if J 

is positive, it is increased by NEWJ. The vlaue of J is chang

ed on exit exactly as described under INP2. Maximum size of 

the L5 array is 20. 

2.2.6 CALL INP5 (IC1, +IC2, IC3, +N1, +NMIN, +NMAX, +NST0RE, 

NTIMES, JEWJ, J*, XL1, XL2, L5, XL6, NL6) 

INP5 is similar to INP4 in that it will process several 

sets or subseries of cards as defined by IC1, IC2, IC3, and 

NTIMES, but is more powerful in that it will accept self-ex

pending data of the sequential or overlay type as described 

in reference 3. The expanded data can then be stored in either 

of two modes roughly equivalent to storing a matrix by columns 

or by rows. The basic unit of input data is assumed to be a 

vector, j>, of Nl components. If +N1 is given in the call, the 

data is of sequential form where (S*, n j , j=l, ...» J means 

that _S_- is to be repeated n--n.:_̂  times and represents expanded 

vectors n- ^+1 through n.= with nQ=NTIN, n^>n^_-^, and n?<NMAX. 

Overlay type input is specified by giving -Nl in the call and 

is of the form (m •, BJ , n«), j=l, ..., J where _S_. is overlaid 

-36-



on an initial set of vectors beginning at the m-j-th vector and 

extending through the n.:-th vector, with m-j nj , min mj" NMIN, 

and max n^ NMAX. For either type there results a sequence of 

expanded input of the form 03^), ^ Q < ^ <NMAX, where certain of 

the ̂ 's may be missing in the case of overlay expansion. Here 

^0=NMIN + 1 or NMIN for sequential and overlay types, reapec-

tively. For overlay data, specifying + NMIN requires that the 

lower limit be taken on in the data in each subscries while 

-NMIN only specifies a lower bound. For sequential input a 

negative NMIN can be used for negative indexing. For both 

types + NMAX is used to require that the upper limit be taken 

on while -NMAX only specifics on upper bound. 

The expanded data of either type can be stored in mode 

one where each J>̂  is imbadded in an array L2 having compoments 

R^ each of which is a vector of NSTORE components, NSTORE Nl, 

i.e., XL2 is actually a two-dimensional array. The vector j>* 

is stored in R- beginning at the J-th position for the first 

subscries, or the modified J for subsequent subscries. In 

mode two storage, assume that L2 is composed of a set of Nl 

vectors R^ with NSTORE components each. Then the i-th com

ponent of Sj , s-£ g, is stored in R^ at position J+^-l for 

i=l, ..., Nl. Thus in mode one s^ * is stored at XL2 
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(J+NSTORE * (̂ -1) + i - 1) while in mode two it is stored in 

XL2 (J + NSTORE * (i - 1) + *-1). To select mode one specify+ 

NSTORE or to select mode two specify -NSTORE. 

Again, IC1, +CI2, IC3, and NT1MES specify the cards in a 

subseries and the number of subseries to process while NEW J 

is added to J for each new subseries to change the starting 

point in L2. The parameter J is handled exactly as it is in 

INP4 and must be checked on exit (for J = -1) for errors in 

the input. Note that additional checks are made here because 

of the form of the input. Calls may be made on INP6 for cer

tain of the error comments. The additional array XL6 is used 

for temporary storage and its dimension, NL6, must be large 

enough to hold the input data for one subseries. Again, the 

maximum size of the L5 array is 20. 

2.2.7 CALL INP6 (IC1, IC2, N2, ICARD, ITEM, XL1) 

Enter when the N2-th item of a set obtained from cards 

IC1 through IC2 by INP2 was found to be in error. Upon exit 

ICARD will be the card number and ITE4 the number of the field 

on that card which contained the data item in error. 
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2.2.8 INP7 (CARD, ITEM) 

This routine simply prints an error commant statint 

that item ITEMon card CARd is in error. This sulroutine can 

be used to print error information obtained from INP6. 

2.2.9 INP8 (NPRINT, XLl) 

Function INP8 returns the number of cards that have not 

been processed by LINK, INP2, INPA, or INP5. This is done by 

counting the number of table entries in XLl that do not have 

the use flag set on. If NPRINT is 1, the card number of the 

unprocessed cards are listed under Error Message 21, while if 

NPRINT is 0, no output is printed. The list of unprocessed 

cards will include any cards that have an invalid card number. 

The card sequence number is printed in place of the card number 

and the sequence number is preceded by asterisks to distinguish 

it from a card number. 

2.2.10 INP9 (XLl) and INP19 (XLl, IC1, IC2) 

Functions, INP9 and LNP10 delete table entries and as

sociated data and mode information from the array XLl. INP9 

deletes cards that have been referenced at least once by LINK, 

INP2, INP4, or INP5, that is, table entries with the use bit 
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set on. INP10 deletes all cards, IC1^.C<EC2. When cards are 

deleted, all holes created by deletion are squeezed out, the 

table entries are adjusted accordingly, and the control word 

is updated. The functions return the new length of the table, 

list, and control word. When all cards have been deleted, the 

length required in the XLl array is one-the length required 

for the control word. 
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ffi. FILE MANAGER 

1. IFM - Interprogram File Manager Package 

IFM is a collection of subroutines for the storage and 

retrieval of files in permanent area on disk and on tape. 

The need for interprogram communication and the desirabi

lity of a standard set of routines to store and retrieve the 

required information dictated the IFM. The ability to store 

and retrieve from direct access devices greatly simplifies the 

problem of program text storage and updating and program re

sult storage. The fact that standard data structures are used 

allows general purpose programs to be written which operate on 

data generated by many other programs. 

The IFM permits files to be processed in terms of their 

logical structure, independent of their physical format. 

1.1 User Aspect of IFM Package 

Every file has three identifiers : a prefix, which is 

usually the ID of the job creating the file, the file ID it

self, and a data type number. For example, the job ID prefix 

can be used to distinguish files generated in the various 

cases of a job, and the data type can be used to distinguish 
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files generated in a single case. Files are subdivided into 

sets which may be of fixed or variable size. A set is usually 

that portion of a file to which the program must have access 

at one time, and the sets of a file are always processed se

quentially. 

The disk which will be used for IFM package, should have 

name IFMDISK as it's logical file name which is compatible with 

CYBER CIO file manager. 

1.2 Subroutine Calls 

Every subroutine call contains an output parameter, IFLAG, 

which is set to zero if no error is detected, set as indicated 

in section 1.5. 

Several of the subroutine calls contain the input para

meter BUF which is the name of a buffer array. 

1.2.1 FMINIT(NBISK, NBUF, IFLAG) 

Must be the first IFM call. Disk directory is read and 

checked for proper format NDISK. = 0 is recommended. 

1.2.2 FMWRTE (IFILE, NSIZE, NSETS, BUF, IFLAG) 

Used to initialize a file for writing. IFILE is the 
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number of a five word array describing the file to be written 

These five words are : 

(1) Prefix - the higher - order 8 characters of this word 

will be used as part of an internal qualifier for the 

file ID. If zero, IFM will use the word in one word 

common block/JOBPARM/. 

(2) File ID - any 60 bit quantity identifying the file to 

the user. 

(3) Type - any non-negative integer less than 536,870,912, 

specifying (to "user) the type of data contained in the 

file. Using the prefix, the type, and the job classi

fication, IFM constructs an internal qualifier for the 

NSIZE is the set size in central memory words (<2048) 

If zero, variable length sets are to be written, and the user 

must store the proper value for NSIZE (<2047) in the first 

word of labeled common block/FMCOMM/ before processing each 

set. This value for NSIZE is then stored within the record, 

in the location immediately preceding the first word of the 

set. 
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NSETS Is the number of sets in the file. This is a 

meaningless entry. 

BUF is the name of a buffer to be used by IFM in pro

cessing the file. The array BUF must be at least 2048 words 

long. 

1.2.3 FMSRCH (IFILES, NF, IFND, BUF, NSIZE, NSETS, IFLAG) 

Locates a file and initializes it for reading. Only 

one file will be initialized for each call, although more than 

one file may be specified in the call. 

IFILES is the name of an array containing NF five-word 

descriptions, each specifying a file to be accessed. The five 

words are identical to those for FMWRTE except that a zero 

prefix cause the entire description to be ignored. 

IFND is the index in IFILES for the first word of the 

description of the file which has been found. 

BUF is the name of a buffer to be used by IFM in proces

sing the file. The array BUF must be at least 2048 words long 

NSIZE and NSETS will contain the set size and number of 

sets upon return. These are the values given to FMWRTE when 
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the file was written. NSETS is the real number of sets which 

was processed. 

FMSRCH should be called exactly NF times to access all 

the files. After a file has been completely processed, a zero 

may be stored in the prefix word. 

1.2.4 FMPUT (BUF, INDEX, IFLAG) 

Used to process the next set of a file being written. 

BUF is the same array given to IFM on the FMWRTE call and iden

tifies the particular file being processed. 

INDEX is set by IFM such that BUF (INDEX) is the first 

location of the set being processed. The calling program must 

store a set beginning at this location before the next FMPUT 

of FMENDF call for this file. 

If the file has variable set size, the user must supply 

the current set size in the first word of common block/FMCOMM/. 

1.2.5 FMGET (BUF, INDEX, IFLAG) 

Used to process the next set of a file being read. BUF 

is the same array given to IMF on the FMSRCH call. 
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INDEX is set by IFM-such that BUF (INDEX) is the first 

location of the set being read. The calling program must ob

tain the set beginning at this location. 

If the file is variable set size, the user will find 

the current set size in the second word of FMCOMM on return 

from FMGET. A zero set size returned by FMGET implies that 

the final set was obtained on the previous call, and IFLAG is 

set in this case. 

1.2.6 FMENDF (IFILE, BUF, IFLAG) 

Terminates processing of the file whose five word FMWRTE 

or FMSRCH description is in array IFILE. In the case of output 

files, the fifth word of the description is set by IFM to the 

number of disk PRU's released. 

1.4 Auxiliary Programs 

IFM subroutines use a logical file IFMDISK. The accu

mulation of information increases the file size, which turns 

out to cost. For more economic use of IFM, auxialiary routines 

move some files to a back up tape and vice versa. 

1.4.1 IFMINIT 

The IFMDISK should be initialized first and then pro-
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cessed. A run of IFMINIT initialize a file with specified 

file size. The file size can be extended beyond the assigned 

one during execution. Thus user can initialize an IFMDISK in 

an estimated size, or in least size (1 Block=4 PRU) and extend 

after a run of main job. It is recommended to use a preallo-

cated size. When an extension occurs and there is no more free 

PRU on the disk on which IFMDISK assigned, a never succeeding 

checking will occur and the job will met time limit. The Con

trol card for IFMINIT is following 

IFMINIT, n. 

n is an optional parameter specifying number of PRU's 

to be allocated. And no data card corresponding is needed. 

1.4.2 SHOWIFM - Program to List Disk Contents 

SHOWIFM performs three tasks of listing disk directory, 

recovering an illformatted disk and dumping disk contents di

rectly. The listing includes the file ID's, set size, // of 

sets and first set address for each file. 

To recover a file, writting takes place and no extension 

of file should be carried. When the extension of permanent 

file has performed, the result is not fatal but not desirable 

since last one PRU is just a scratch. 
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To dump file contents, following cards are needed. 

I col. 1-5 (15) Beginning PRU no, 

J col. 6-10(15) Last PRU no. 

For each card, the PRU's from I to J are dumped. When J<I, 

just one PRU will be dumped. Format of dumping is in octal. 

1.4.3 KILLIFM - Program to Contract IFM Disk 

KILLIFM contracts IFM disk to remove all expired records 

from disk space. It should be noted that permanent file size 

does not changed. A data card corresponding a file should be 

supplied. 

1.4.4 IFMTAPE - To Initialize a IFM Tape 

IFMTAPE initializes a tape for IFM tape use. It should 

be assigned as S tape and has a logical file name TAPE 1. 

IMFTAPE will write 3-blocks on the tape. No data card is re

quired for IFMTAPE. 

1.4.5 DUMPIFM - Program to Dump Selected File 

DUMPIFM dumps the selected file of IFM disk to the IFM 

tape. A data card corresponding a file should be supplied. 

The data card has following format. 

col. 1-7 PREFIX File prefix 
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col.11-20 CASEID File ID 

col.21-25 ITYPE File type 

col.26-30 REMOV Blank : for saving of dumped file 

Non-blank : for expiration of dumped 
file 

col.31-80 COMENT Comment 

The data card deck have no sequence, but file is dumped 

according to the card sequence. 

Disk may be modified if any of col.26-30 is non blank. 

Otherwise disk is read only. 

Initialized IFM tape or old IFM tape may be used for 

DUMPIFM. 

1.4.6 LOADIFM - Program to-Load Selected File 

LOADIFM dumps the selected file of IFM tape to the IFM 

disk. A data card corresponding a file should be supplied. 

The data card has following format. 

col. -17 PREFIX File prefix 

col.11-20 CASEID File ID 

col.21-25 ITYPE File type 

The data card deck should be arranged as it appeared in 

IFM tape. 
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Disk will be modified and extended as file dumped. 

The tape is read only. 

1.4.7 LISTIFM - Program to List IFM Tape 

LISTIFM gives a listing a IFM tape contents. No data 

card is required and the listing contains the file ID's, set 

size, no. of set, no of PRU's used and comment that was supplied 

when DUMPIFM executed. 

1.5 Error Indication 

Improper use of IFM may result error. All error number 

is returned at IFLAG. Among these errors, some are caused by 

user and the others are by IFM itself. Follows are list of 

errors that is responsible for user. 

Error no. Cause 

100 IFMDISK is not in proper format 

404 No files are found during search 

509 Too many sets are tried to read 

500 File not open for read 

303 File not open for write 

606 Buffer location mismatch for remove 

8800 Buffer location mismatch for ending 

809 Not all sets processed at FMENDF' 

507 Set size to large 
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2. FTB - Storage Allocation and Scratch I/O 

2.1 INTRODUCTION 

FTB is a set of subroutines for handling storage alloca

tion and disk I/O on the CDC 6000 series NOS system. The me

thod of disk I/O was chosen so that very high streaming rates 

from up to four logical files simultaneously could be achieved. 

In order to achieve this streaming rate, only one file may be 

active at each logical CIO file at any time. 

The largest unit of data in FTB is a file. Each file 

has a unique identification and all communication concerning 

this is through the use of this ID. Files are subdivided into 

sets, with all the sets of a particular file required to be of 

the same length. A set is generally that portion of a file to 

which the program must have access at one time. FTB performs 

I/O transmissions to the disk units in terms of records. 

There are two type of files : internal and process. An 

internal file is a file whose storage, which may only be in 

central memory, is reserved through FTB but is processed direct

ly by the program. (It can be considered as a file consisting 

of only one set.) A process file is a file which is divided 

into sets and processed a set at a time by calls on FTB ; it 
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may be In central memory, ECS or on a disk. The sets of a file 

are always processed sequentially, beginning with the first 

set, unless the file is being processed in the random mode. 

Through FTB, the program has access only to the current set. 

All disk I/O is handled in terms of records. The record 

size is the integer multiple 256 words. FTB uses the first two 

words of every record for identification : the specified ID and 

the record number. If set size is less than 255 words a record 

contains an integral number of sets and FTB uses central memory 

buffer of words. And if set size is greater than or equal 253 

words a set least integral multiple of 256 record and FTB uses 

two central memory buffers of that is greater than set size 

plus one. FTB uses blank common array (ARRAY) for all central 

memory files and all of FTB's bookkeeping. FTB reserves files 

in central memory, as it needs them, for its own bookkeeping 

which are called as LINKs. In a LINK, a file description of 

4 words is generated for each file. The exact format is shown 

in Section 9.5. A LINK will hold descriptions for 50 files, 

some of which will be FTB bookkeeping files. Each LINK is 

tied to the next and previous LINKs by the last description. 

When a file is activated (open), FTB will use two or three ad

ditional words called the extended description. The length of 

the extended description depends upon the unit of the open 
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file. If the file is a central memory file, FTB will place the 

extended description (two words) before the file in central 

memory. If the file is a disk file, the extended description 

(three words) will be placed before the files' central memory 

buffer. No extended description is used for internal files. 

FTB uses an ID os zero for all of its own files, therefore, the 

program must not use zero as an ID. 

• 

All central storage (files, buffers, LINKs) is allocated 

as near to an end of ARRAY as possible. If, in the INITAL call, 

LOWHI is set to one, the storage is allocat-d as near to the 

beginning of ARRAY as possible; if LOWHI is set to two, the 

storage is allocated as near to the end of ARRAY as possible.' 
-

In the RESERV and FTBSFT routines, the user can select which 

end of ARRAY the file is to be placed. Whenever storage becomes 

available, the LINKs are shifted as near to the appropriate end 

of ARRAY as possible. 

FTB, when searching for a file description, always looks 

from the last file to the first file in the LINK. Any files 

that are to be used repetivively should be described as late as 

possible. 

FTB uses 6 storage units ; central memory (blank common), 
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ECS and four logical disk files. User should give blank common 

size and ECS size to use at control card. How to give these 

size is described in Section 9.4. Blank common size given by 

FTB prefers system dynamic loading. User should define blank 

common variable in program to use FTB. 

2.2 SUBROUTINE CALLS AND FUNCTIONS 

All subroutine arguments are considered to be of type 

integer. The array A used in the following description is 

detined by COMMON A(l). The FTB package contains tests for 

I/O errors, invalid subroutine usage, and incorrect specifi-

cater of subroutine call parameters. The list of possible 

error messages is given in section 2.5. 

All errors cause abnormal termination with trace back 

to help debugging. 

2.2.1 CALL INITAL (LOWHI) 

This call initializes the FTB package and must be the 

first call to the program. LOWHI is an indicator telling FTB 

from which end of blank common and ECS it should assign storage 

If LOWHI equals one, storage will be assigned as near to the 

beginning of blank common and ECS as possible and if LOWHI equ-
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als two, storage will be assigned as near to the end of blank 

common and ECS as possible. 

INITAL looks the blank common size and ECS size from 

the last control card and establishes the blank common size 

given prefer to the system dynamic loading. Blank common size 

must be large enough for all internal files, central memory 

process files, disk buffers, and FTB bookkeeping (LINK). 

INITAL reserves LINK file identified 0 and sized as 200 words 

at the beginning or end of the blank common depending of the 

LOWHI. 

2.2.2 CALL DSCRIB (ID, SETSIZ, NOSETS, UNIT) 

Describes a process file which must be teh first opera

tion on a new process file. ID is the unique file indentifi-

cation. SETSIZ is the set size and NOSETS is the number of 

sets. UNIT is 1 for central memory, 2 for ECS memory, 3-6 for 

ligical files FTB01 to FTB04. 

2.2.3 CALL RESERV (ID, FILSIZ, LOHI, INDEX) 

Used to reserve a storage area (internal file) of length 

FILSIZ in central memory. If LOHI is 1, the area is as near 

to the preferred end (as specified in INITAL) as possible. If 
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LOHI is 2, the area is as near to the opposite end of A as 

possible. INDEX is set by FTB such that A (INDEX) is the first 

location of the.reserved area. 

2.2.4 CALL DELETE (ID) 

Used to release all storage and bookkeeping associated 

with this file. If a file is a process file and has been open

ed, it must be closed before DELETE is called. 

2.2.5 CALL OPEN (ID, MODE) 

Used to open a file for processing. ID is the file 

identification and the file to be opened must be described. 

MODE is 1 for read, 2 for write, 3 for read-write, and 4 for 

random. If MODE is 1, 2 or 3, the sets of the file must be 

processed sequentially by PROC calls. If MODE is 4, sets will 

be processed randomly by GET and PUT calls. Storage is allo

cated to this file in UNIT if MODE is 2 or 4 and the file has 

not been opened before. Rewriting a file is not an error and 

no additional storage is allocated in UNIT. When MODE is 1 or 

3, OPEN initiates the read of the first record if a disk file. 

When MODE is 2 and this file is a disk file, OPEN will posi

tion the heads to the first record of this file. To use ran

dom mode in disk files, the file should be created by write 

mode first. 
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2.2.6 CALL PROC 1 (ID1, INDEX1) 

CALL PROC 2 (ID1, INDEX1, ID2, INDEX2) 

CALL PROC 3 (ID1, INDEXl, ID2, INDEX2, ID3, INDEX3) 

CALL PROC 4 (ID1, INDEXl, ID2, INDEX2, ID3, INDEX3, ID4, 

INDEX4) 

Used to process the next set of one, two, three, or four 

files which have been opened in read, write, or read-write mode 

ID1, ID2, ID3, and ID4 are the file identifications. For the 

read mode, INDEX is set by FTB such that A(INDEX) is the loca

tion of the first word of the next set. For write mode, A(IN-

DEX) is the location into which the next set has been stored. 

For read-write mode, A(INDEX) is the location of the next set, 

and call guarantees that the previous set has been altered for 

rewriting. 

2.2.7 CALL GET (ID ISET, LOC) 

Used to obtain a set numbered ISET from a file identi

fied ID which has been opened in random mode, to the central 

memory. LOC is the central memory array into which data is to 

be placed. 
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2.2.8 CALL PUT (ID, ISET, LOC) 

Used to store a set numbered ISET to a file identified 

ID which has been opened in random mode, from the central me

mory. LOC is the central memory array of data which is to be 

transfered to the file. 

2.2.9 CALL CLOSE (ID) 

Used to close the processing of a file. A file opened 

in random mode may be closed at any time. If opened in read, 

write or read-write mode, it may not be closed until all sets 

have been processed. 

2.2.10 CALL TRNCAT (ID) 

May be used in place of CLOSE to truncate the processing 

of a file. If the exact number of sets of a file to be writ

ten is not known, the file may be described with NOSETS equal 

to an upper bound and processed normally. When TRNCAT is call

ed, FTB decreases NOSETS to the number of sets actually proces

sed, releases any extra storage assigned to the file, and 

closes the file. 

If the file is open for reading, the program may call 

TRNCAT to close the file before all the sets have been processed 
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None of the file is lost. TRNCAT may not be called for read-

write or random modes. 

2.2.11 CALL CPYFIL (IDl, ID2) 

Used to copy the contents of file IDl into file ID2. 

ID2 must be described, the set size and number of sets of the 

two files must be the same and IDl cannot equal ID2, The two 

files must not be on the same disk unit and both files must be 

closed when CPYFIL is called. 

2.2.12 CALL FTBSFT (ID, FILSIZ, LOHI, INDEX) 

Used to move and/or change the length of an internal 

file. FILSIZ may be larger than, smaller than, or equal to 

the original size and LOHI may be the same as the original 

value or different. If LOHI is 1, the file will be shifted 

as near to the preferred end (as specified in INITAL) of ARRAY 

as possible. If LOHI is 2, the file will be shifted as near 

to the opposite end of ARRAY as possible. If LOHI is 3, the 

origin of the file will not be changed and only the size of 

the file will be changed. INDEX is set by FTB such that ARRAY 

(INDEX) is the origin of the new storage area. When searching 

for an area large enough to hold this file, the space currently 
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occupied by the file is considered available. Shifting a file 

never destroys the contents the file. 

2.2.13 CALL DMPFIL (ID, IFMT) 

Used to dump a closed process file or an internal file 

IFMT is 0 for an octal printout and 1 for a floating point 

printoug. 

2.2.14 CALL DMPLST 

Used to dump the bookkeeping information (LINKS) on 

all files currently in FTB system. Once the INITAL subroutine 

has been successfully called, all errors in FTB usage call this 

routine before calling the abnormal termination routines. 

2.2.15 FUNCTION ISFDES (ID) 

ISFDES is 1 if the file (ID) has been described or re

served ; 0 otherwise. 

2.2.16 FUNCTION ISFOPN (ID) 

ISFOPN is 1 if the file (ID) is open ; 0 if closed. 
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2.2.17 FUNCTION LAVAIL (UNIT) 

Total number of locations cunently available in UNIT 

if UNIT is main memory. If UNIT is a disk, LAVAIL is the total 

number of the 256 words records available. 

2.2.18 FUNCTION LCONTG (UNIT) 

Length of the largest continguous area currently avail-

able in UNIT. 

2.2.19 FUNCTION LIFOPN (ID, UNIT) 

LIFOPN is the amount of UNIT that will be used if the 

file (ID) is opened. UNIT must be one or two and the file 

must not be open. 

2.2.20 FUNCTION NEXTID(O) 

The absolute value of the largest ID currently described 

or reserved plus 1. This function can be used to guarantee 

that unique file ID's are being used. The argument 0 is a 

dummy argument. 

2.2.21 FUNCTION NFUNIT(ID) 

The unit number of the file ID, 
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2.2.22 FUNCTION MXSETS (SEPSIZ, UNIT) 

The maximum number of sets of size SETSIZ which will 

fit into the space remaining on UNIT. 

2.2.23 FUNCTION NFSETS (ID) 

The number of sets in file ID. 

2.2.24 FUNCTION NFSIZE (ID) 

The setsize of an process file ID or file size of an 

internal file. 

2.3 SMAPLE PROGRAM 

The following program will write 15,000 floating point 

ones on a disk with a set size of 150. 

COMMON A (1) 

CALL INITAL (2) 

ID = NEXTID (0) 

CALL DSCRIB (ID, 150, 100, 3) 

CALL OPEN (ID, 2) 

DO 1 I = 1, 100 

CALL PROC 1 (ID, J) 

K = J + 149 
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DO 1 L = J, K 

1 A (L) = 1.0 

CALL CLOSE (ID) 

Now if one wants to copy the contents of disk file ID 

to central memory file ID + 1, 

CALL DSCRIB (ID + 1, 150, 100, 1) 

CALL CPYFIL (ID, ID + 1) 

Then central memory file ID + 1 can be processed in 

random mode, the following will move from a set (6) of ID+1 to 

an internal file ID+2. 

CALL RESERV (ID+2, 150, 1, INDX) 

CALL OPEN (ID+1, A) 

CALL GET (ID+1, 6, A(INDX)) 

CALL CLOSE (ID+1) 

2.4. JOB CONTROL CARD 

FTB subroutines are in library KINEP. So one should 

attach KINEP and define KINEP as library. 

ATTACH, KINEP/UN=LIBRARY. 

LIBRARY, KINEP. 

Blank common size and ECS size are given in execution 

control card, such as 
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I GO. (JOBID, II, JJ) 

or LOAD, LG0. 

EXECUTE. (JOBID, II, JJ) 

JOBID : alphanumeric identification 

II : blank common size/8^ by octal 

k JJ : ECS size/83 by octal 

So the real size is (II or JJ (octal)X1000B). 

Default value of blank common size is 100000B and that of ECS 

is 0. 

Also user must not include a blank or blanks in bracket. 

2.5 ERR0KS 

All FTB error routines call SUBERR to trace back the 

sequence and terminate. 

Error No. Error 

1 another file is OPEN on this disk 

2 bulk is not available and UNIT=2 

3 bulk or disk lengths less than zero 

4 cannot CLOSE or TRNCAT a RESERV file 

5. cannot TRNCAT read-write or random modes 

6 disk positioned at wrong file or file destroyed 
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Error 

disk positioned at wrong record or record 
destroyed 

file is a RESERV file 

file is OPEN 

files lost when length changed 

files not described 

file not OPEN 

file not written (no storage assigned) 

file previously described 

files on same disk 

FILSIZ less than or equal to zero or is too 
large 

FORMAT out of range 

FTB subroutine INITAL not called 

ID equals zero 

IDs not unique 

LENGTH not large enough 

LOHI out of range 

MODE equals random 

MODE not in range 

MODE not random 

no space available for buffer in bulk 

no space available for buffer in main 
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Error 

no space available for file in bulk 

no space available for file in disk 

no space available for file in main 

NOSETS less than or equals zero 

not all sets processed 

not enough main for file or FTB files 

not enough main for FTB files 

RECLEN less than one 

SETNO out of range 

SETSIZ greater than RECLEN for disk file 

SETSIZ less than or equal to zero 

the NOSETS for both files are different 

the set sizes for both files are different 

too many process calls 

UNIT not in range 

file not RESERV file 

FTB files destroyed 

FTB files destroyed {CHKSUM) 

not enough room for buffer 

enough space is available but not contig. 

FILSIZ cannot be increased without moving file 
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Error 

RECORD number out of range - FTB order 
destroyed 

MODE not zero or one 

NDISKS out of range 

equipment desired by FTB previously assigned 
to this job 

channel desired by FTB previously assigned to 
this job 

UNIT not available to this job 

LOWHI out of range 

LENGTH cannot change when LOWHI equals two 

Improper LOHI in RESERV call 

Try to shift Non-SCM file 
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N. MATHEMATICAL 

1. SIMQ (A, B, N, KS) 

The subroutine SIMQ obtains solution of a set of simulta

neous linear equation : 

A £ = b 

BY Gauss elimination method. 

CALL SIMQ (A, B, N, KS) 

Where 

N is the size of linear system. 

A is the matrix coefficients columnwise. 

These are destroyed in the computation. 

B is the vector of constants. These are replaced by 

final solution values. 

KS is error flag. 

0 for a normal solution 

1 for a singular set of equations 

For example, in 3X3 system, input matrix and vector has 

following notation. 
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A(l) A(4) A(7) 

A(2) A(5) A(8) 

A(3) A(6) A(9) 

Coefficients Resulting Input 
of matrix Vector Constant 

2. LAGINT (A, B, S, INDEX, ORDER, SIZE, WEIGHT, FUNCT) (S) 

This routine generates the coefficients (weight factors) 

in the Lagrange interpolation formula. These weight factors 

may be used in a table of function (dependent variable) values 

to obtain interpolated or extrapolated values of the dependent 

variable. The weight factors are generated using only the in

dependent variable values and the particular value of the in

dependent variable to the interpolated. Thus it is assumed 

that the tables of independent and (perhaps more than one table 

of) dependent variables are separate and distinct vectors or 

arrays. This method allows one generation of the weight fac

tors and any number of simple sum of product evaluations to be 

made to obtain dependent variable values for one value of the 

independent variable if there is more than one function value 

table associated with the independent variable table. 

The order of interpolation is variable while extrapolation 
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(if required) is linear. If the order of interpolation is odd, 

the routine attempts to find (0RDER+l)/2 values on either side 

of X (specific value of the independent variable) in the table 

of independent variable values. This table is assumed to be 

sorted (either decreasing or_ increasing values) and the direc

tion "right" will refer to increasing values of the index in 

the table vector. If the order of interpolation is even, the 

routine attempts to use one more value to the right than to 

the left (ORDER/2 to the left, ORDER/2+1 to the right) for 

use in computing weight factors. If this bracketing (for odd 

or even ORDER) is not possible, the routine will always try to 

use ORDER+1 points so long as X is "inside" the table of in

dependent variable values. If, however, the number of table 

entries is less than ORDER+1, then the number of entries minus 

one is used as the order of interpolation. If X is not "inside 

(i.e., if some two values y,z in the independent variable table 

do not have the property y<X<z or z < X < y ) , then the routine 

will do linear extrapolation out of the appropriate end of the 

table using either the first two or last two values in the 

table for weight factor generation (linear extrapolation). If 

there is only one value in the table, then the one function 

value will be obtained for any value of X. 
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The definition of the calling parameters is: 

(a) A, array containing independent variable table (real)' 

(b) B, arrary for storage of weight factors (real) 

(c) X, independent variable value to be interpolated(real) 

(d) INDEX, A(INDEX) is first independnet variable table 

entry (integer) 

(e) ORDER, order of interpolation (integer) 

(f) SIZE, number of table entries (integer) 

(g) WEIGHT, number of weight factors generated (integer) 

(h) FUNCT, index in function table of first function value 

to use in function evaluation (integer) 

There must be no duplicate entries in the independent variable 

table and the size of the B array must be at least WEIGHT (no 

greater than ORDER+1). 

The following FORTRAN statements define the use of the 

weifht factors to evaluate f(X). Assume that the function 

table values are in an array F and that the particular func

tion (f) of interest is represented by a table beginning at 

F(IN). The result f(X) will be stored in ANSWER. 

CALL LAGINT (A, B, X, INDEX, ORDER, SIZE, WEIGHT, FUECT) 

ANSWER=0.0 

I=IN+FUNCT-1 
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DO 1 J=l, WEIGHT 

ANSWER=ANSWER+B(J)*F(I) 

1=1+1 

1 CONTINUE 

Note, again, that if many function tables are associated 

with the desired independent variable table, then LAGINT need 

be called only once and the above small loop used to evaluate 

any number of function vlaues. 
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V, CALCOMP 960 SUBROUTINES 

1. Plot 

Many graphic applications require the generation of X-Y 

graphs to show the relationship between two or more sets of 

data. Usually these graphs can be produced easily and quickly 

by a suitably programmed combination of the five supporting 

subroutines SCALE, AXIS, LINE, SYMBOL and NUMBER. These sub

routines do not directly produce plotter commands; they only 

compute appropriate arguments that define pen positions, and 

then call the PLOT subroutine, which generates the actual plot-

When plotting requirements cannot be satisfied by using 

the supporting subroutines, the user can call the PLOT subrou

tine, which gives him direct control of pen movement (to any 

S, Y coordinate position), pen status (up or down), and gene

ration of Search records. 

Four other functions are closely associated with the PLOT 

operation as follows: 

PLOTS Performs initialization. 
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FACTOR Adjusts the overall size of a plot. 

WHERE Returns the current pen location. 

NEWPEN Selects pens. 

In some basic software packages, there functions are pro

grammed as separate entry points within the PLOT subroutine. 

In other software packages, they are separate subroutines which 

call PLOT with a specific value of IPEN to perform the necessary 

operation. In either case, the calling sequence and function 

is the same. The discussion here assumes that they are entry 

points in the PLOT subroutine. 

Some basic software packages contain an additional entry 

point ( or subroutine) called BUFF. The BUFF subroutine mana

ges the buffer into which generated plot commands are placed 

and then written to the output device as necessary. This sub

routine should not be called directly by the user. 

PLOT ENTRY 

The PLOT entry to the PLOT subroutine is used to move the 

pen in a straight line to a new position, with the pen either 

up or down during the movement. It converts the arguments to 

the appropriate sequence of plotter commands and outputs these 

to the attached device (tape, disc, drum or plotter controller) 
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Observe that the PLOTS entry must be called before any other 

entries are called. 

The calling sequence has three arguments: 

CALL PLOT (XPAGE, YPAGE, +IPEN) 

XPAGE, YPAGE are the X, Y coordinates, in inches from 

the current reference point (origin), of 

the position to which the pen is to be moved. 

An origin (where both X, Y equal zero) may 

be established anywhere on (or off) the 

plotting surface, as explained below for 

negative IPEN values. For metric plotting 

systems, the X, Y coordinates are in centi

meters. 

+TPEN is a signed integer which controls pen status 

(up or down), origin definition and the gene

ration of Search records. 

If IPEN = 2, the pen is down during movement, 

thus drawing a visible line. 

If IPEN = 3, the pen is up during movement. 

If IPEN =-2 or -3, a new origin is defined 

at the terminal position after the movement 

is completed as if IPEN were positive. The 
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logical X, Y coordinates of the new pen 

position are set equal to zero. This posi

tion is the reference point for succeeding 

pen movements. All of the plotter commands 

accumulated in the output buffer are trans

mitted to the output device. 

If the plotting system is off-line, a Search 

record with the next sequential Search add

ress is also produced. 

If IPEN = 999, the effects are the same as 

if IPEN = 03, except that a Search record 

with Search address 999 is written (9999 on 

some systems), and the output device is 

closed. 

The examples in Figure 1 show the pen movements that 

result from a series of calls to the PLOT subroutine. The ini

tial call to PLOTS, as well as a call to FACTOR, are included. 

Opposite each call is shown the Search-record address that 

would be produced for an off-line plotting system. 

PLOTS ENTRY 

The PLOTS entry is used to initialize the PLOT subroutine. 
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It must be called only once (before any other call to PLOT, 

SYMBOL, NUMBER, AXIS or LINE is made). This entry sets up 

certain constnats and opens the plot output device by perform

ing standard file-opening procedures through the computer's 

operating system. If the output device is a tape unit, the 

first Search record (Search address No.001) is written. Figure 

1 includes an example of the use of PLOTS. 

The calling sequence has three arguments: 

CALL PLOTS (0,0, LDEV) 

LDEV is the logical output device number, i.e., 

the device number of the plotter if it is 

on-line or the logical number of an output 

device (tape unit, card punch) for off-line 

plotting. 

The first two arguments of the PLOTS subroutine are no 

longer used, but are maintained for compatibility with previ

ous of the basic software package. 

FACTOR ENTRY 

The FACTOR entry to the PLOT subroutine enables the user 

to enlarge or reduce the size of the entire plot by changing 

the ratio of the desired plot size to the normal plot size. 
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CALL FACTOR (FACT) 

FACT is the ratio of the desired plot size to 

the normal plot size. For example, if 

FACT = 2.0, all subsequent pen movements 

will be twice their normal size. When 

FACT is reset to 1.0, all plotting returns 

to normal size. During the debugging of a 

plotting application program, computer and 

plotting time can be saved by reducing the 

size of the entire plot output. This is 

done by calling FACTOR with a value less 

than 1.0, after calling PLOTS. When debug

ging is completed, this call statement can 

be removed. 

WHERE ENTRY 

The WHERE entry sets the three variables designated in 

the calling sequence to the pen's current position coordinates 

and the plot-sizing factor (that are in use by the PLOT sub

routine) . This permits user-written subroutines to know the 

pen's current location for optimizing pen movement. 
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CALLS 

10 CALL PLOTS(0,0,LDEV) 

SEARCH 
ADDRESS 

001 

20 CALL PLOT(0.5, 0.5, 2) 
30 CALL PLOT(0.25, 0.0, 2) 

40 CALL PLOT(0.0, 0.0, 3) 
RETURNS THE PEN TO THE ORIGIN 

50 CALL PLOT(0.5, 0.5, -2) 
DEFINES A NEW ORIGIN 

60 CALL PLOT (0.25, 0.0, 2) 
NOTE THAT THE X,Y VALUES IN 
STATEMENTS NO.50, 60 ARE THE 
SAME AS THOSE USED IN NO.20, 30 

70 CALL PLOT(0.5, -0.5, -3) 
POSITIONS THE PEN AT THE INITIAL 
ORIGIN AND DEFINES THIS AS THE 
NEW ORIGIN 

002 

003 

EFFECT* 

(0,0) 

(0.0) 

(0,0) 

(0,0) 

(1,1) 

(1,1) 

a,D 

(1,1) 

• — • 

80 CALL FACTOR(0.5) 
REDUCES THE FOLLOWING PEN 
MOVEMENTS BY 1/2 

90 CALL PLOT (2.0, 2.0, 2) 
100 CALL PLOT(2.0, 0.0, 999) 

999 

(0,0) 

* LEGEND: 
(0, 0) = LOGICAL ORIGIN. 

= CARRIAGE MOVEMENT WITH PEN DOWN 
= TERMINAL POSITION OF PEN 

(1,1) 

Figure 1. Sample Calls to PLOT 
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The calling sequence has three arguments: 

CALL WHERE 

RXPAGE, 
RYPAGE 

RFACT 

(RXPAGE, RYPAGE, RFACT) 

are variables that will be set to the pen's 

current position coordinates resulting from 

the previous call to PLOT(which may have 

been called by SYMBOL, NUMBER, AXIS ro LINE) 

is set to the surrent plot-sizing factor; 

i.e., the value last supplied by a call to 

FACTOR or 1.0 if FACTOR has not been called 

NOTE 

A call to WHERE made after a call to SYMBOL returns differ

ent values depending upon the plotting system being used. 

These values include; 1) the coordinates of the starting 

point of the character string; 2) the coordinates of the . 

last point actually plotted; 3) the coordinates of the 

starting point of the next character to be plotted. 

NEWPEN ENTRY 

The NEWPEN entry enables program selection of any of the 

available pens for multipen plotters. If a call to NEWPEN is 

made for a single pen plotter, it is ignored. Pen No.l is 
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the bottommost of the pens, which are spaced 0.6 inch apart in 

the Y-axis direction. Pen No.l is initially selected when the 

PLOTS entry is called. 

The calling sequence is as follows: 

CALL NEWPEN (INP) 

INP specifies the number of the pen to be se

lected. The old pen is raised and the new 

pen is moved to the same physical location 

at which the old pen was positioned. The 

user must guard against the situation where 

the new pen cannot be moved to the previous 

pen's position. This can happen if the 

distance between the two positions is grea

ter than the distance from the old pen's 

position to either Y-axis limit (top or 

bottom edge of the plotter). 

The NEWPEN entry can also be used with optional attach

ments to CalComp flatbed plotters. These attachments include 

the Calcomp Strippable Film Cutter and the CalComp Optical 

Writing System. For these attachments, INP specifies the num

ber of the cutting blade or light pen to be selected. 
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2. CALL NUMBER (X, Y, HEIGHT, F, THETA, N) 

The NUMBER subroutine converts a floating-point number to 

the appropriate decimal equivalent so that the number may be 

plotted in fixed point format or scientific notation. X and Y 

provide the coordinates of the lower left-hand corner of the 

first character to be produced. The pen is up while moving 

to this point. Annotation may be continued following the loca

tion at which the last annotation ended. Continuation occurs 

when X and/or Y equals 999.0, and may be applied to X and Y 

independently. HEIGHT is the height in inches of the character 

to be plotted. For best results, HEIGHT should be a multiple 

of seven times the plotter increment size, although other 

values are acceptable. The width of a character, including 

spacing, is typically the same as the height. The floating 

point number to be converted and plotted is contained in F. 

THETA is the angle at which the characters are to be plotted. 

N controls the precision of the conversion of the floating 

point number F. If the value of N is greater than zero, it 

specifies the number of digits to the right of the decimal 

point that are to be converted and annotated after rounding. 

For example, the floating point number -1.33499X10 will be 

plotted as -13.350 if N=3. When N=0, only the numbers integer 
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portion and decimal point are plotted after rounding (-13.)» 

while only the integer portion is plotted if N=-l (-13). A 

value of N<!-2 indicates that the annotation is to be in scien

tific notation and that there will be N characters to the 

right of the decimal point. N=-2 will result in -1.33E+01 

being plotted in the above example. 

3. CALL SYMBOL (X, Y, HEIGHT, IBCD, THETA, NC) 

The SYMBOL subroutine produces plot annotation by use of 

either of two calling formats. The standard calling format is 

used to draw text such as titles and legends, while the spe

cial call is used to draw special centered symbols such as a 

box, octagon or triangle for plotting data points. Refer to 

Figure 2 for the list of symbols plotted when using the 

special call. For both the standard and special calls to 

SYMBOL, HEIGHT is the height of the character or characters 

to be plotted and THETA is the angle at which the character or 

characters are to be drawn. The height of the characters should 

be a multiple of seven times the plotter increment size. Heights 

which are not a multiple of seven times the increment size are 

acceptable, but best results will generally be achieved if the 

rule is followed. 
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The standard call to SYMBOL is made by using a positive 

value of NC which then specifies the number of characters con

tained in the IBCD array that are to be annotated. If NC is 

greater than zero, characters to be plotted must be left-justi

fied in the first element of IBCD. If NC is zero, one charac

ter is drawn, using a single character which is right-justified 

in the first element of IBCD. For all standard calls, where 

NC is greater than or equal to zero, X and Y are the coordi

nates, in inches, of the lower left-hand corner of the first 

character to be drawn. 

The special calls to SYMBOL are determined by a negative 

value of NC. If NC=01, the pin is up during a move to coordi

nates X and Y, after which a single symbol is produced. For 

values of NC=02, the pen is down during the move to coordi

nates X and Y, where a single symbol is produced. The X and 

Y coordinates represent the geometric center of the character 

of the character to be produced on a special call. IBDC is 

an integer flag used to specify the symbol to be plotted on a 

special call. Figure VII.4-1 illustrates the special symbols 

which may be drawn and their corresponding flag (IBDC) values. 
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U O A + X O t X Z Y K ^ X I 
0 V Z I t S 6 1 8 3 10 11 \Z 13 

Figure 2 Centered Plot Symbols 

4. AXIS (XPAGE, YPAGE, 1BGD, NCHAR, AXLEN, ANGLE, FIRSTV, 

DELTAV, NDIGIT, NEX) 

The AXIS subroutine is used to draw the axis lines, one 

inch grid marks, grid annotations, and axis labels for linear 

axes. Separate calls to AXIS are required for each dependent 

and independent axis drawn. The coordinates of the axis line's 

starting point are give by XPAGE and YPAGE, IBCD contains the 

NCHAR character axis label Hollerith character string, which 

is centered and placed parallel to the axis line. The sign 

of NCHAR determines on which side of the axis line the scale 

grid lines and labeling information are drawn. If the sign of 

NCHAR is positive, label appears on the counterchockwise side 

and scale gride lines appear on the clockwise side of the axis 

line (normally desired for the dependent axis). If the sign 
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of NCHAR is negative, label appears on the clockwise side and 

scale grid lines appear on the counterclockwise side of the 

axis line (nromally desired for the independent axis). Axis 

length and orientation are specified by AXLEN, which is the 

axis length in inches, and ANGLE, which is the angle in de

grees (positive or negative) . The starting value of the axis, 

which will appear at the first tick mark on the axis, is given 
-

by FIRSTV. DELTAV represents, and number of-data units per 

inch of axis and is used to increment the value of FIRSTV to 

obtain the annotations for subsequent tick marks. Control of 

the precision of the numbers annotated with the axis grids is 

obtained by use of the integer NDIGIT. For a deseription of 

NDIGIT refer to the discusion describing NUMBER subroutine. 

NEX is the scaling factor for power of ten adjustment factor. 

When NEX is non zero scale value is divided by 10**NEX and the 

NFX 
axis title is automatically followed by *10 

5. CALL LAXIS (X, Y, LABEL, NC, SIZE, ANGLE, ORG, DELTA, N) 

The LAXIS subroutine is similar to the AXIS subroutine, • 

except LAXIS is used to generate logarithmic axes and AXIS 

draws linear axes. Use of the LAXIS subroutine is identical 

to the AXIS subroutine discussed in the previous section, with 
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the exception of the integer N. For LAXIS, N is used as a 

flag to turn the annotation and label drawing feature on or 

off. If N is non-zero, the annotations and label will be 

added to the axis and grid, while only the axis and grid are 

drawn if N is zero. 

6. AXISNO (XPAGE, YPAGE, KN, AXLEN, ANGLE) 

The AXISNO subroutine draws a lines axis line in similar 

way with the AXIS subroutine, but it omits any alphabetic or 

numeral values except tick marks. 

Refer to the description on AXIS subroutine for the usage 

of XPAGE, YPAGE, AXLEN and ANGLE. 

SCALE 

Typically, the user's program will accumulate plotting 

data in two arrays: 

• An array of independent variables, X^ 

• An array of dependent variables, Y^=f(X^) 

It would be unusual if the range of values in each array 

corresponded exactly with the number of inches available in 

the actual plottin area. For some problems the range of data 
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is predictable. The programmer can predetermine suitable con

version factors for use in drawing the axis scale values and 

plotting the data points on the graph. Usually, however, these 

factors are not known in advance. 

Therefore, the SCALE subroutine is used to examine the 

data values in an array and to determine a starting value 

(minimum or maximum) and a scaling factor (positive or negative) 

such that : 1) The scale annotation drawn by the AXIS subrou

tine at each division will properly represent the rage of real 

data values in the array; and 2) The data points, when plotted 

by the LINE subroutine, will fit in a given plotting area. 

These two values are computed and stored by SCALE at the end 

of the array. 

The scaling factor (DELTAV) that is computed represents 

the number of data units per inch of axis, but is adjusted so 

that it is always an interval of 1,2,4,5, or 8X10 n (where n 

is an exponent consistent with the original unadjusted scaling 

factor). Thus, an array may have a range of values from 301 

to 912, to be plotted over an axis of 10 inches. The unadjust

ed scaling factor is (912-301)/10=61.1 units/inch. The adjust

ed DELTAV would be SXlO^oO. 
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This starting value (FIRSTV), which will appear as the 

first annotation on the axis, is computed as some multiple of 

DELTAV that is equal to or outside the limits of the data in 

the array. For the example given above, if a minimum is wanted 

for FIRSTV, 240 would be chosen as the best value. If a maxi

mum is desired instead, 960 would be selected. In some inst

ances, FIRSTV is selected as a downward-rounded value of the 

lowest actual data, and in other instances, the DELTAV is ad

justed upwards. An attempt is then made to center the data. 

There are four arguments in the calling sequence : 

CALL SCALE (ARRAY, AXLEN, NPTS, +INC) 

ARRAY is the first element of the array of data points= 

AXLEN 

to be examined. 

is the length of the axis to which the data is 

to be scaled. Its value must be greater than 

1.0 inch. 

NPTS is the number of data values to be scanned in 

the array. The FORTRAN DIMENSION statement 

should specify at least two elements more than 

the number of values being scanned, to allow room 

for SCALE to store the computed starting value 

and scaling factor at the end of the array. 
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+ INC is an integer whose magnitude is used by SCALE 

as the increment with which to select the data 

values to be scanned in the array. Normally 

|INC|=1; if it is 2, every other value is examin-

examined. 

If INC is positive, the selected starting value 

(FIRSTV) approximates a minimum, and the scale 

factor(DELTAV) is positive. 

If INC is negative, the selected starting value 

(FIRSTV) approximates a maximum, and the scaling 

factor (DELTAV) is negative. 

If INC=+1, the array must be dimensioned at 

least two elements larger than the actual number 

of data values it contains. If the magnitude of 

INC >1, the computed values are stored at (INC) 

elements and (2*INC) elements beyond the last 

data point. The subscripted element for FIRSTV 

is ARRAY (NPTS*INC+1); for DELTAV it is ARRAY 

(NPTS*INC+INC+1). 

Generally, SCALE is called to examine each array 

to be plotted, as shown earlier in A SAMPLE PLOT

TING PROGRAM. If the user knows the range of his 
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data values, he does not have to call SCALE for 

that array so long as he supplies an appropriate 

FIRSTV and DELTAV when AXIS and LINE are called. 

The following examples illustrate some typical uses of 

SCALE : 

Example 1 — Given an array of 24 data values to be plotted 

over a 5-inch axis, assume the minimum value in 

the array is 1.00 and the maximum is 42.00. The 

statement CALL SCALE (ARRAY, 5.0,24,+1) would 

give the following results: 

Units/inch=(42.00 -1.00)/5.0=8.2 

DELTAV (next higher interval)=10.0 

FIRSTV (minimum multiple)=0.00 

FIRSTV value is stored in ARRAY (25) 

DELTAV value is stored in ARRAY (26) 

Using these values, AXIS would draw the following 

axis line: 

, -(Range of data) 

( , , , , , 

0.00 10.00 20.00 30.00 40.00 50.00 
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Example 2 — Assume that the array in Example 1 is to be plot

ted on a 4-inch axis, from maximum to minimum. 

CALL SCALE (ARRAY, 4.0, 24, -1) would give these 

results. 

DELTAV = (1.00 -42.00)/4.0=-10.25, which is ad

justed to -20. 

Minimum multiple = 0.00; FIRSTV = Minimum + (AXLEN 

*iDELTAV|) « 80.00 

,—(Range of data)--N 

f 1 i 1 1 

80.00 60.00 40.00 20.00 0.00 

Example 3 — Assume 100 points are to be plotted on a 4-inch 

axis from maximum (+22) to minimum (-9), using 

every other data value in the array. The DIMEN

SION statement should specify ARRAY (204) and 

the calling sequence is 

CALL SCALE (ARRAY, 4.0, 100, -2). 

Initial DELTAV = (-9 -22)/4 =-7.75, adjusted to -8 

Initial FIRSTV = +16.00; last value on axis=016.00 

Axiis range is inadequate for the data range, so 

FIRSTV is revised so that last value on the axis 
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is the minimum data value truncated to the same 

significance as DELTAV. 

Revised DELTAV = -8.00, stored in ARRAY (203). 

Revised FIRSTV = 23.00 stored in ARRAY (201): 

The resulting axis would appear as follows: 

s (Range of data)- \ 

i 1 1 1 1 

23.00 15.00 7.00 -1.00 -9.00 
s 

8. LINE 

The LINE subroutine produced a line plot of the pairs of 

data values in two arrays (X and Y). LINE computes the page 

coordinates of each plotted point according to the data values 

in each array and the respective scaling parameters. The data 

points may be represented by centered symbols and/or connect

ing lines between points. 

The scaling parameters corresponding to FIRSTV and DELTAV 

(see SCALE) must immediately follow each array. If these pa

rameters have not been computed by the SCALE subroutine they 

must be supplied by teh user. 
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The calling sequence has six arguments: 

CALL LINE (XARRAY, YARRAY, NPTS, INC, +LINPYP, INTEQ) 

XARRAY is the name of the array containing the abscissa 

(X) values and the scaling parameters for the 

X-array. 

YARRAY is the name of the array containing the ordinate 

(Y) values and the scaling parameters for the 

Y-array. 

NPTS is the number of data points in each of the two 

arrays just mentioned. The number of points in 

each array must be the same. 

INC is the increment that the LINE subroutine is to 

use in gathering data from the two arrays, as 

described previously for the SCALE subroutine. 

+LINTYP is a control parameter which describes the type 

of line to be drawn through the data points. 

The magnitude of LINTYP determines the frequency 

of plotted symbols, e.g., if LINTYP = 4, a spe

cial symbol (denoted by INTEQ) is plotted at 

every fourth data point. 

If LINTYP is zero, the points are connected by 

straight lines but no symbols are plotted. 
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If LINTYP is positive, a straight line connects 

every data point defined in the array. (The 

pen is up when moving from its current position 

to the first point.) 

If LINTYP is negative, no connecting lines are 

drawn; only the symbols are plotted. 

INTEQ is the integer equivalent of the special plot

ting symbol centered at each data point. This 

value normally can be 0 through 13, and has mean

ing only when LINTYP is not zero. Part A of 

Figure 4-1 lists the symbols that are available. 

Some of these symbols are as follows; box, octa

gon, triangle, plus, X, diamond, and asterisk. 

Figure 7-1 illustrates the types of lines drawn 

by various combination of LINTYP and INTEQ. The 

dummy axes shown are for reference only. 
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