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Abstract 

The FBSAM subroutine package provides rapid movement of large blocks 

of data directly between user storage arrays and magnetic disk data sets. 

No buffer space is required. Large reductions in data transmission time 

and number of I/O requests can be obtained. Moves can be concurrent with 

ea~h other and with computation. A form of random access is available. 

A demostration program provides a thorough test of all features. The 

package is intended for use by FORTRAN programmers with little or no 

assembler language experience. It should be operable on most IBM 360/370 

machines. A sample application to an I/O-bound code is discussed. The 

use of three concurrent functions entirely eliminated the real time as­

sociated with data transmission tasks by allowing them to proceed con­

currently with other tasks. 
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Program Abstract 

l) Identification- FBSAM (FORTRAN Basic Sequential Access Method). 

2) Function - FBSAM provides data transfer to and from disk storage 

devices with very high efficiency. No system buffers are required. 

Several data transfers can be processed concurrently, and these can 

be concurrent with computations. A form of random access is provided. 

3) Method - The FBSAM program contains a number of entries wh~ch check 

for errors and invoke various assembly-language packages. The status 
J 

data for a given data set are compacted into a single array. 

4) Related Material - The package includes the KBSAM package developed 

by C. M. N. ~ree 1 and improved by J. G. Sullivan at ORNL. 2 Important 

performance improvements were made by L. M. Petrie. 3 

5). Restrictions - The data sets manipuiated by FBSAM are not compatible 

with the IBM FORTRAN input-output method. 

6) Computers - ~BSAM is operable on IBM 360/370 computers. 

7) Running Time - The CPU time used is entirely neglig~ble. Large 

logical records are transferred at the full disk rotation speed, 

without a rotational delay between blocks. 

8) Programming Languages - FORTRAN 50%; Assembly Language 50%. 

9) Operating System - IBM OS. 

10) Machine Requirements ~ FBSAM has been used on, but is probably not 

limited to IBM 2314 and 3330 disks, and plug-compatible CDC hard-

ware. 
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I. INTRODUCTION 

The FBSAM package is a collection of FORTRAN-callable routines which 

make many of the features of the Basic Sequential Access Method (BSAM) :con­

veniently available to FORTRAN programmers. Data are moved directly be­

tween user storage areas and magnetic disk data sets without the use of 

additional buffer storage. The data moves can be carried out concurrently 

with each other and with computations. A powerful note-point method of 

random write and retrieval is available. Very small real and CPU time 

requirements for I/O are obtained. 

Data to be moved must be stored in contiguous locations, and no 

FORTRAN FORMAT facility is allowed. The data sets· produced are not com­

patible with normal FORTRAN I/O. Best efficiency is obtained using long 

logical records. The speed is slightly better than that using track over­

flow with FORTRAN sequential op~rations. Because chaining is used, 

secondary allocations of disk space are not permissible. 

The FBSAM package makes use of the KBSAM package provided by J. G. 

Sullivan, 1 which was, in turn, based on earlier work done at IBM-Houston 

by C. M. N. Cree. 2 Some additional features not utilized by FBSAM can 

be found in those references. Background material on the subject of BSAM 

operations can be found in refs. 3 and 4. This memo should suffice for 

ordinary applications, however. 

II. DATA SET SPECIFICATION 

A. Data Set Record Structure 

The data sets written by FBSAM do not follow the FORTRAN concept of 

records, segments, and blocks. Each physical record is written as an 

individual block, followed by an interrecord gap (IRG). While many blocks 

may be written with a single call to the FBSAM package, and we will speak 

of such a collection of blocks as forming a "logical record," they need 

not be read back with any regard to the logical record structure used in 
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in writing them. After each read, the read pointer is always positioned 

at the next block. Thus, a large number of blocks could be written with 

a single call to the package, and then the blocks could be read back 

individually, or vice versa. ln the following discussion, "record" alway's 

means "logical record" and refers to a collection of one or more data 

blocks written or read with a single call to the FBSAM package. 

B. DD Statements for FBSAM 

The DD statement defining a data set for FBSAM follows the usual rules 

as to UNIT, DSN, DISP, VOL, DDNAME, and SPACE specification. DCB, if 

supplied, is ignored. The space field must, in general, contain enough 

continuous space in the primary extent for the data set. 

As an example: 

//FTOlFOOl_DD_UNIT=SYSDA,DISP=(NEW,DELETE),SPACE=(TRK,lOO, ,C0NTIG,R0UND) 

//FT02FOOl_DD_UNIT=(SySDA,SEP=FT01FOOl),(DISP=NEW,DELETE),SPACE=(TRK, 

100,,C0NTIG,R0UND) 

C. The "K" Control Array 

The I/O activity for each data set is "controlled" by an array sup­

plied by the user in which all status information for that data set is 

kept. The length is (40 + 5*NBL) full words, where NBL is the maximum 

number of blocks per logical record which may be queued together (more 

description of this later). The first 17 words contain FORTRAN-oriented 

parameters describing such things as the block size being used, number of 

bytes to be processed, error flags, etc. The next 23 words are assigned 

to the Data Control Block (DCB), which contains a machine-oriented des­

cription of the data set and its status. The remaining spaces are as­

signed to NBL data Event Control Blocks (DECB's). A DECB is set up for 

each block to be written. It contains, among other things, a status flag 

to indicate when the specified block I/O has been completed, and error 

flags. A detailed specification for the "K" array is given in Appendix 

A. 
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Once a data set has been opened into a "K" array, that array controls 

all I/O activity on that data set until the data set is closed. The array 

is given as an argument to the FBSAM package for any operation relating 

to the data set it controls. As many "K" arrays can be established as are 

required. For example, one array for an input data set and one for an 

output data set would be used in copying. Once a data set has been opened 

into a "K" array, that storage space must not be used for any other pur­

pose until the data set has been closed. Failure to observe this rule will 

give rise to quite mystifying system errors. 

D. System Block Space 

Although FBSAM operations do not require buffer space, certain system 

blocks are still required, just as in FORTRAN·.· The space requirement de­

pends on the number of DECB's actually given, which may be less than NBL 

if the logical records are short. The maximum requirement per data set 

i$ then approximately: 

SYSTEM BLOCK SPACE~ NBL*0.2 K bytes 

Track overflow can increase· this req.uirement, but is not normally used 

with FBSAM. 

E. Logical Record Length Restriction 

If concurrent operations, i.e., two concurrent data transmissions or 

a transmission while computing are not required, there is no practical 

limit to the logical record lengt~. If concurrency is required, the 

limit is 99 x the maximum block which will fit on a track (or 32,760 bytes 

if track overflow is used). For example: 

99 x 7,294 ~ 700 K bytes (2314 disk) 

99 x 13,030 ~ 1,200 K bytes (3330 disk) 

99 x 32,760 ~ 3,000 K bytes (track overflow) 
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III. PROCESSING A DATA SET 

A. Opening 

A data set must be opened by a call to FBSAM prior to I/O operations. 

For exc1mple: 

DIMENSION K(540) 

where 

DATA LUN,LBL,NBL,NERC/1,0,00,0/ 

CALL FBSAM(LUN,K,LBL,NBL,NERC) 

LUN the logical unit number of the data set to be used 

K the "K" control array, dimensioned at least as large as 

40 + S*NBL 

LBL = the maximum block length. If 0 is supplied, a full track 

is used as the block length 

NBL = the maximum number of DECB's which may be given together. 

0 < NBL < 100. NBL has an important effect on performance, 

dis cussed later. 

NERC = NERCl + NERC3 

NERCl = 0 Undefined Length Blocks 

1 Undefined Length Block~ with Track Overflow 

2 Fixed Length Blocks 

3 Fixed Length Blocks with Track Overflow 

NERC3 = 0 follow error procedure if a filemark is encountered 

100 set flag, but do not follow error procedure 

Track overflow is normally not used with FBSAM. It defeats chaining, 

and usually results in longer execution time and more I/O requests. If 

the FPNTR routine (described later) is to be used to read records at 

.random, the fixed-length option must be chosen. 
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If writing is to be, done at random, NERC1=2 must be chosen, and LBL 

must be 0 or a number large enough that only one block can be fit ont·o ~a 

~rack. Otherwise, updating the first block on a track destroys the other 

data on that track. 

The effect of NERCl=l is to force each block written to the maximum size, 

LBL. Then if LBL is chosen large enough that only one such record will fit 

on a track, each block will occupy a separate track. When. reading, only 

the number of bytes requested are read. An obscure error could result in 

writing. If an attempt is made to write the last words in the user's memo-

ry allocation, and if more words were required to fill the block, then a 

protection error could result. This has never happened in our·applications, 

but the user should avoid such a situation. 

The fixed-length option can lead to inefficiency if logical records 

are much shorter than LBL, and.FBSAM should not be used for such transfers. 

B. Writing 

There are. t~o basic methods of writing with FBSAM. Using the first . . . . 

method, the FWRCH entry allows th~ writing and checking of all blocks of a 

logi~al record. A single call to this entry is sufficient to transfer 

data to the data set. Control' is not returned to the calling progr~m 

until the transfer is completed. A value of NBL larger than 1 improves 

efficiency by queueing DECB' s together. All of the tracks on a cylinder 

can be written with a single I/O request, and without a rotational delay 

betwee~ tracks, if the job is not interrupted. .Increasing NBL beyond 

the number of tracks on a cylinder apparently has no effect using FWRCH. 

As an example; 

where 

DIMENSION X (300 000) 

DATA N/1 200 00/ 

CALL FWRCH(K,X,N) 

K = control array specified in call to FBSAM. 
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X = data array to be transferred 

N = number of bytes to be transferred. 

Using the second method, the FWRITE entry sets up the channel commands for 

writing a logical record, and then returns control to the calling program. 

Other calculations or data tr~nsmissions can be performed while the array 

is being transferred. The user must issue a call to FCHECK before the 

transferred data array is modified, and before another I/O instruction 

relating that that data set is ussed, -or before the data spaces referred 

to as X are used by the program: 

CALL FWRITE (K,X,N) 

(Other instructions not relating to this data set) 

CALL FCHECK (K) 

An error procedure is followed if FWRITE is called with a value of N which 

.would require the writing of more than NBL blocks· in a record. This restric­

tion does not apply to FWRCH. In a multi-programming environment FWRITE 

will often execute faster than FWRCH. 

C. Rewinding and Disposing 

When a data set has been read or written, it can be either reposi­

tioned by a call to FREW or FPASS, or disposed of.by a call to FDISP. If 

FREW is chosen, the pointer is repositioned at the beginning of the data 

set, and the data set remains open for reading or rewriting. A call to 

FPASS has the same effect as FREW, except that the pointer is positioned 

at the end of the data set. If a call to FDISP is made, the data set is 

closed and disposed of according to DISP specification in the DD state­

ment. 
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CALL FREW(K) 

CALL FDISP (K) 

CALL FPASS (K) 
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K = control array specified in call to FBSAM. 

A call to FREW, FDISP, or FPASS must not be made if any call to FWRITE 

or FREAD has not been completed by a call to FCHECK. A call to FDISP must 

be made before the K array is reused for any purpose other than I/O events 

relating to this specific data set. After a call to FDISP, a new call to 

FBSAM must be issued before the data set can be used again. A call to 

FREW or FPASS may, but does not need to, precede a call to FDISP. 

D. Reading 

Two reading e·ntries, FRDCH and FREAD, perform input tasks analogous to 

the FWRCH and FWRITE entries, and they use the same argument lists: 

CALL FRDCH (K,X,N) 

CALL FREAD(K,X,N) 

(Other instructions not relating to thio data set) 

CALL FCHECK(K) 

After calling FREAD, the user must issue a call to FCHECK before the data 

array being transferred is used, and before another I/O instruction relat­

ing to that data set is issued. 
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E. Test and Return 

After a call to FWRITE or FREAD, the user may wish to ·check for com­

pletion of the I/O operation, but to continue with some other task if the 

operation is not completed. The FTEST entry allows this: 

CALL FWRITE (K,X,N) 

10 CONTINUE 

(Tasks not relating to this data set or the X array) 

CALL FTEST (K,L) 

IF (L.EQ.O) GO TO 10 

20 CONTINUE 

This programming causes the program to work on the statements following 10 

until the I/O is completed, then to proceed to 20. The arguments for 

FTEST are: 

K = control array used in call to FBSAM 

L = variable set to 0 if I/O is not complete 

1 if I/0 is complete 

If the I/O is complete, FTEST performs the necessary checking, eliminat­

ing the need for a separate call to FCHECK. 

F. Spacing 

Routines are available for spacing a given number of blocks, forward 

(FORSPC) or backward (FBKSPC): 

.CALL FORSPC (K,M) 

CALL FBKSPC (K,M) 

where 

K =. control array supplied to FBSAM 

M = number of blocks to be spaced over. 
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Spacing should not be attempted if an I/O request using FWRITE or FREAD 

has not been checked. Backspacing·is subject to these limitations: 

1) Backspacing after reading the last block does not work properly. 

2) Backspacing must not be used with track overflow. 

G. Note-Point Operations 

Among the most useful features of the FBSAM package is the ability to 

note the position of a record, and then to return directly to that posi­

tion at a later time. The NOTE function may be accomplished by a call to 

FNOTE, which also supplies some additional data (whether it is wanted or 

not). Then FPOINT moves the pointer to that position for reading or 

writing. 

CALL.FNOTE (K,MM,NOTE,NWR,KWR,LOF) 

CALL FPOINT (K,NOTE) 

where 

K = control array supplied to FBSAM 

MM :::: no effect 

NOTE = integer word into which is stored the relative position in 

the data set (TTR) 

NWR = number of blocks transferred at last I/O 

KWR = number of bytes·transferred at last I/O 

LOF = 0: no filemark has been encountered on this data set since 

last opened 

1: a filemark has been encountered. 

An alternate procedure can be used: 
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C0MMON/C0MSAM/LTRACK,N0TEP,KKSTA 

NOTE = NOTEP 

CALL FPOINT (K,NOTE) 

The note-point feature can be superior to the FORTRAN direct access if a 

few long records whose length is difficult to predict are written. It is 

inferior if the storage space for the NOTE words is excessive. 

H. Pointing by Block Number 

If fixed-length blocks are chosen at opening time, the Nth logical 

record can be pointed to as follows: 

CALL FPNTR(K,N) 

This eliminates the need to store the NOTE data. All logical records must 

have the same length when using this feature. 

I. Cautions 

A colle~ted list of cautions ~hould be pr~vided, especially for the 

user who wishes to use the pointing feature. 

1) First, the FBSAM data sets are not prewritten as are FORTRAN direct 

data sets. This saves time, but it is up to the user to avoid 

pointing to a block not yet written. 

2) Writing a block destroys any other block on the same track. 

3) After writing beyond the previous file mark on a data set, a call to 

FREW or FDISP must proceed a point operation in order to obtain a 

file mark. This same restriction applies to a new data set which 

has no file mark. 

4) After writing, a point operation must precede a call to FREW, FDISP, 

or the reading routines if a file· mark is not desired. 
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5) The K array must not be destroyed by an OVERLAY operation prior to 

closing its data set. 

J. Constant Arguments 

Although variables are shown as arguments in the illustrations, the 

only arguments changed by the package, in addition to the K array, of 

course, are the value of L in FTEST and the arguments of FNOTE. Thus, 

constants or expressions can be used for other arguments where appropriate. 

A summary of entries and arguments is given in Appendix B. 

K. Common Block 

FBSAM keeps a small common block full of good things. It can be 

accessed as follows: 

COMMON/COMSAMVLTRACK,NOTEP,KKSTA 

LTRACK longest block which can be written on a track 

NOTEP = relat;i.ve position of last record read or written 

KKSTA = error status code as printed in the message described later. 

If a call to FBSAM is made with LBL < 0, LTRACK will be set and a 

rP.tnrn made without opening a data set. This allows the user to use 

LTRACK in decision making prior to opening. 

IV. ERROR CONDITIONS 
<) 

A. Error Procedure 

Our present experience indicates that most errors connected with 

FBSAM usage will be detected by the package. An error code will be 

printed, the K array will be edited, and then a.call to SUBROUTINE ERRTRA 

is provided. The K array can be interpreted qy referring to Appendix A. 
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If a full dump is wished, supply the following: 

SUBROUTINE ERRTRA 

DATA I/2 000 000 000/ 

DIMENSION·J(l) 

I=J(I) 

STOP 

END 

B. Status Errors 

An error code of greater than 1000 refers to a status error. If the 

code given is M, find: 

Ml = M/1000 (integer) 

M2 = M - Ml*lO~O (integer) 

Then M2 indicates the entry code of the entry through which the invalid 

operation is attempted. The codes are listed in.Appendix B. Ml is the 

prior status of the data set, which was unsatisfactory for the operation 

indicated by M2. The meanings of the status 'codes are as follows: 

Status 

1 

2 

3 

4 

5 

6 

Code Meaning 

Opened, but not used 

Written, but not checked 

Read, but not checked 

Checked 

Rewound or passed 

Permanently clos~d 

The last digit of the entry code becomes the new status code after a suc­

cessful operation. As an example, an error of 3002 indicates that an 

FWRITE was attempted without checking a previous read. A table of error­

producing combinations of entry and status follows: 
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Status Error Table 

("X" Indicates an Error) 

Status Code 

1 2 3 4 5 6 
Entry Entry Rewound 
Code Name Open Written Read Checked or Passed Cllosed 

2 FWRITE X X X 

3 FREAD X X X 

74 FWRCH X X X 

84 FRDGH X X X 

14· FTEST. X 

4 FCHECK X 

24 FNOTE X X X 

34 FPNTR X X X 

64 FPOINT X X X 

44 FBKSPC X X X x' 

54 FORSPC X X X 

15 FREW X X X 

25 FPASS X X X 

6 FDISP X X 

C. Other Errors Detected 

Certain other errors detected can be'identified by inspecting the K 

array. These errors, grouped according to error code, are: 

1. Code = 2,3 

a. Record is too long to process; K(NIO) > K(NBLK) 

2. C9de = 4,14, 74,84 

a. I/0 error was encountered; K(KERC) ~ 10000 

b. Filemark was encountered; 1000 > K(KERC) ~ 100 

c. Wrong record length processed; K(KLL) ~ K(NERR) 
' 
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.3. Code = 54 264 

a. I/O error; K (KERF) ~ 10000 

b. Filemark was encountered; K(KERF) > 100 

4. Code = 1 

a. Error in opening· data set; K(KERO) > 0 

V. APPLICATIONS AND AVAILABILITY 

Application to a representative I/O-bound program is described in 

Appendix C. Although some of the I/O had to remain in FORTRAN for com­

patibility, the use of FBSAM led to a significant reduction in both real 

and CPU time usage. A demonstration program is listed and described in 

Appendix D, together with results from the program. 

Appendix D includes a listing of FBSAM. FBSAM and the KBSAM assemb­

ler_ language package can be obtained from the Radiation Shielding Informa­

tion Center, Box X, Oak Ridge, TN. 37830. 

VI. DEMONSTRATION PROGRAM 

After setting up control integers, the test program writes a data 

set on LUNl •. While a given record is being written, the next record is 

being prepared. An integer code identifying each word uniquely is used. 

The position of each record is noted. A time analysis is given. 

In Section 2, all the preceding blocks are read as a "super record." 

The first word of each record is edited to confirm the operation. 

In Section 3, selective updating is illustrated. 

In Section 4, all the data are read as a "super re.cord" again, and 

the first-word edit given. 
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In Section 5, the data set is read backward, with the first word of 

each record saved again. The test-and-go function is used to allow a 

computer loop to continue until the I/O is completed. 

In Section 6, the data set is written, checking implicitly. 

In Section 7, the writing is repeated with explicit checking. 

In Section 8, a complicated repositioning exercise is performed. 

After the first "A" pass, Section 9 copies .the data to a second 

data set and reverses the logical unit numbers. 

Pass "B" repeats the above Sections 2 through 8 using the copy of the 

original data set. The operations in Sections 5 and 8 are done dif­

ferently in pass B. 

Three sets of passes are 9one on all, with the role of FTOlFOOl 

and FT02F001 reversing each time. The code is of no practical value, 

except that a deck which will survive its testing will probably be 

satisfactory for a comtemplated application! 
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15 

16 
17 
18 

40 

41 

40+5*NBL 
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APPENDIX A 

Contents of "K" Control Array 

S~mbol 

' K(l) J 
K(KSTA) 
K(KERO) 
K(KERC) 

K(KERB) 
K(KERF) 
K(NOTEl) 
K(NOTE2) 
K(KLL) 

K(LBLK) 
K(NBLK) 
K(NIO) 
K(NSTA) 
K(NERR) 

K(LI}R() 
K(LERC) 
K(KDCB) 

,· 

K(KDECB) 

Use 

DDNAME (8 characters)' 

Entry status code 
Opening error flag 
Checking error flag 

Backspacing error flag 
Forward spacing error fiag 
"TTR" Position for first block 
"TTR" Position for last block 
Length of Logical record processed 

Maximum block length 
Maximum number of blocks per logical record 
Number of blocks processed 
Prior status code 
Length of logical record requested 

Length of K array 
Error override code 
Data control block 

Data event control block(s) 



Entry 
Code 

1 

2 

3 

74 

84 ·. 

14 

4 

24 

34 

64 

18 

APPENDIX B 

Summary of Entries Available 

Entry Name 

FBSAM(LUN,K,LBL, 
NBL,NERC) 

FWRITE (K,X,N) 

FREAD (K,X,N) 

FWRCH (K,X,N) 

FRDCH (K,X,N)· 

FTEST (K,L) 

FCHECK (K) 

FNOTE(K,MM,NOTE, 
NWR,KWR,LOF) 

FPOINT(K,NOTE) 

FPNTR(K,N) 

Comments 

Opens data set. LUN is logical unit 
number. K is 40 + 5*NBL word array. 
LBL is maximum block length (bytes). 
NBL is maximum blocks per record queued. 
NERC ~ NERCl + NERC3*100 
NERCl is 0 for undefined block length 

2 for fixed blqck length 
NERC3 is 0 for filemark error exit 

1 to bypass filemark error exit 

Writes N bytes for X array. Must be 
followed by FCHECK or FTEST. 

Reads N bytes in to X array. Must be 
followed by FCHECK or FTEST. 

Writes N bytes from X array, checking 
as it writes. 

Reads N bytes into X array, checking 
as it reads. 

Tests for completion of I/0. Returns 
flag: 
L is 0 if I/0 is not c:outplet.:l:! 

1 if I/0 is complete 
If L=l is returned, no call to FCHECK 
is needed. 

Tests for completion of I/0, and waits 
until it is done. Must be used after 
FWRITE or FREAD unless FTEST is used. 

Returns status information: 
MM has no effect 
NOTE is position of last block processed. 
NWR is set to number of blocks processed. 
KWR is set to number of bytes processed. 
LOF is 0 if no filemark encountered 

1 if filemark encountered. 

Moves pointer to position given by NOTE. 

Moves pointer to nth logical record. 



Entry 
Code Entry Name 

44 FBKSPC(K,M) 

54 FORSPC(K,M) 

15 FREW(K) 

25 FPASS (K) 

6 FDISP(K) 
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Comments 

Backspaces M blocks 

Forward spaces M blocks 

Repositions pointer at beginning of 
data set. 

Repositions pointer at end of data 
set. 

Closes data set according to DISP 
parameter. 



20 

APPENDIX C 

Application of FBSAM to the FACT Code 

A demonstration of the effects of BSAM I/O on an I/O-bound code, FACT, 

was made. FACTC.l is designed to convert boundary flux tapes from one 

DOTC. 2 problem for use in another DOT problem having different directional 

quadrature and spatial meshes. FACT also provides facility for folding the 

boundary flux together with boundary adjoint flux. 

A flow chart for FACT using standard FORTRAN I/O is shown in Fig. C.l. 

The original code used the "implied-do" type of I/O typified by the follow­

ing: 

READ(NB0)((BS0D(I,J),I=l,MMDIR0),J=l,IJ) 

Two trial runs of this code were made with a routine which measured the 

time consumption of 10 individual activities, in addition to the overall 

time. Real (wall clock) tume usage was measured in addition to CPU usage. 

Results from the two run·s are shown in Table C.l. The jobs were run with­

out interference from other jobs in the computer, and time reproducibility 

typically fell within a +10% band. It should be noted that the "computa­

tional" activities included a small amount of incidental output. 

In the next step, the sequential FORTRAN I/O was changed to the 

"short-list" type as shown: 

CALL WARIN (BS0D,MMDIR0*IJ,NB0) 

SUBROUTINE WARIN (X,N,M) 

DIMENSION X(N) 

READ (M) X 

RETURN 

END 
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This placed an important limitation on the use of .the code. In one mode of 

operation, additional arrays were stored before BS0D in the.same logical 

record. Using the "short-list" method, it is not possible to skip over 

those arrays without providing storage for them. It might have been pos­

sible to convert the direct access operation,. but this was·not attempted. 

The "short-list" method had little effect on real time, as shown in 

the third column of the table, but it cut the CPU time consumed by the 

converted opera~ions by about a factor of 20. (Times of less than a second 

are probably not very accurate due to timing uncertainties.) 

The next step was to convert 4 of the 7 I/O activities to BSAM I/0, 

but without using the overlapping capability. The remaining 3 activities 

remained in FORTRAN to retain compatibility with DOT. The step in which 

the FORTRAN data set was copied to FORTRAN direct data set was replaced 

with a BSAM data set with note-point capability. The fourth column of the 

table shows these results. Further reductions were made in CPU time 

where BSAM was used, the real time used in writing and reading were cut 

by roughly 55% and 25%, respectively. The note~point method was vastly 

superior to the direct-access data set in performance. A small increase 

1n clock time was due to programming change~ to be explained later. 

Finally, the program was reorganized to allow use of full overlapping, 

as illustrated in Fig. C.2. In the angular-mesh section, output of inter­

mediate data set was overlapped with the reading of an input data set. In 

the spatial-mesh-change section, a "double buffering" technique involing 

dual storage arrays was used. Input, computation, and output were over­

lapped giving ·the capability for three concurrent activities. In the 

t'olding section, the flux and adjoint reading were overlapped.· BU'Fl and. 

BUF2 are DSNAMES given to the two BSAM scratch data sets. 

The striking improvement in real time consumption is evident from the 

last two columns of the table. The overlapped functions are "almost free" 

with respect to real time. Changes in CPU time were observed, but they 

are probably not significant in the statistical sense. 
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The small increase in CPU time between .both BSAM trials and the 

FORTRAN trials was due to the programming required for the dual storage 

arrays. 

Comparing overall BSAM performance with the "short-list FORTRAN" 

method, reductions of 54% in real time and 40% in CPU time were obtained. 

A decrease of 34% in I/O requests was obtained. Only the last two factors 

are used in the ORNL computer cost formula, but the real time can also be 

of concern in codes such as DOT, which monopolize core storage and/or 

magnetic tape and disk drive resources. The tests were performed prior 

to activating the chaining feature. Thus, even better performance would 

be obtained from the present packages. 

The FBSAM package itself was not at all difficult to apply, and over­

lapping BSAM I/O with FORTRAN I/O was quite simple. Applying the double­

buffering technique to the spatial-mesh-changing section, however, re­

quired considerable reprogramming. 

The most serious limitation of the method appears to be the inco~ 

patibility with FORTRAN I/0, but no attempt to remove this limitation has 

been made. The FBSAM method shares with short-list FUK'l'HAN 1/U the 

limitation that it is not, in general, possible to pass a portion of a 

record without providing storage for it. An exception would be that an 

integral number of blocks at the beginning of a record can be passed 

using FBSAM. 
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Table C.l. FACT Timing Summary 

Top number a real time (seconds) 
Bottom number m CPU time (seconds) 

Implied Do 
Sho.rt List Short List 

and BSAM and BSAM 
Run Ill Run 112 Short List No Overlap Overlap 

Clock 1 .307.90 295.97 ~90.60 194.48 134.28 
Overall Time 109.26 110.51 64.71 38.96 38.70 

Clock 2 17.47 17.88 17.54 17.56 16.86 
Change Directional Quadrature 16.97 17.11 17.38 17.10 16.44 

Clock 3 39.72 36.54 <35.47> (34. 70) ~4.13> 
Read Flux from FTOlFOOl 9.31 8.92 '0.41 0.09 0.51 

Clock 4 26.17 24.20 <23.39> [10.51J ~·2tl Write Flux onto FT02F001 9.54 9.45 0.56 0.13 0.01 
or BUFl 

Clock 5 13 • .30 14.69 12.25 16.45 16.40 
Change Spatial Mesh 13.08 13.90 11.95 15.87 15.89 

Clock 6 33.93 25.09 ~2.80> ~6.97J ~0. 35] 
Read Flux from FT02F001 9.07 9.30 0.48 0.04 0.04 . 

or BUFl 

Clock 7 21.75 27.58 ~2.85~ (21.oi) ~1.24> 
Write Flux Onto FT03F001 9.63 9.35 0.47 0.6 0.60 

Clock 8 83.81 84.54 84.15 t3.65J [0. 36
1 

Copy Flux Onto D.A. Data Set 19.29 18.93 18.88 0.18 . O.l.~J 
or BUF2 

Clock 9 2.75 2.73 2.40 2.64 2.80 
Flux-Adjoint Folding 2. 70 2.68 2.38 2.56 2.83 

Clock 10 31.41 34.25 32.92 l20.4RJ [ l. 3~] 
.Read Flux from D.A. Data Set 8.85 9.00 9.98 0.03 0.05 

or BUF 2 

Clock 11 33.81 24.23 <33.5~ (36. 7i) (34.99> 
Read Adjoint from FT09F001 9.11 10.09 0.22 0.5 0.47 

I/0 Requests 4769 4770 4798 3152 3147 

( > Indicates use of short-list method. 

[ ] Indicates W:l~ u£ BSAM method. 
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° WRITE FLUX FOR 
GROUP IG ONTO 

· FT03F001 

24 

READ FLUX FOR 
GROUP IGK FRO 
DIRECT-ACCESS 

DATA SET 

READ ADJOINT FOR 
GROUP IG FROM 

FT09F001 

FOLD FLUX I 
AND ADJOINT 0 

I 
IG-=IG+l I 

I 
NO 

I YES 

EDIT OF 
FOl,DTNr. RESIIJ.TS 

~ 

Fig. C.l. The FACT Code with FORTRAN I/0. 



READ FLUX FOR 
GROUP IG FROM 

FT01F001 

CHECK llTING l 
I 

OF FLUX FOR i 
GROUP IG-1 I 

i ONTO BUF1 

I 
CHANGE ANGULAR 

MESH ON FLUX 
FOR GROUP IG 

I 
START WRITING 
FLUX FOR GROUl 

IG ONTO BUF1 

~ 
YES 

CHECK WRITING i 
OF FLUX FQR I 

GROUP IGM I 
ONTO BUF1 · 

IG=IG+ll 

), NO 
~IGM>-~_. 

~ES 
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KI=1 
K0=2 

IGP2=IGM+-2 

IGP1=1 

CHECK READING OF 
FLUX FOR GROUP IG 1------< 

FROMBUF1 

START READING OF 
FLUX FOR GROUP IGP1 

FROM BUF1 INTO. KI ARRAY 

NO 

CHANGE SPATIAL MESH NO 
ON GROUP IG FLUX U---..:::=-----< 

IN KO ARRAY 

CHECK WRITING OF 
FLUX FOR GROUP IG-1 

ONTO BUF2 

NOTE POSITION WRITTEN 

WRITE FLUX FOR 
GROUP IG FROM KO 

ARRAY ONTO 
FT03F001 

. -- START wRiiiNGOF 
FLUX FOR GROUP IG 

FROM KO ARRAY 
ONTO BUF2 

NO 

NO 

NO Z>-----Y_E_S ___ ~~~ 

C 2 The FACT Code with BSAM I/0. Fig. . . 

YES 

YES 
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POINT TO FLUX 
FOR GROUP IGK 

ON BUF2 

START READING OF 
FLUX POR GROUP 
IGK FROM BUF2 

READ ADJOINT FOR 
GROUP IG FROM 

FT09P001 

CHECK READING 
OF FLUX POR GROUP 

IGK FROM BUF2 

NO 

Fig. C.2. (Cont'd.) 



27 

APPENDIX C 

References 

'C.l. M. L. Gritzner, Neutron Physics Division, ORNL, unpublished Computer 
Code. 

C.2. F. R. Mynatt, "A User's Manual for DOT - A Two-Dimensional Discrete 
Ordinates Transport Code with Anisotropic Scattering," Union Carbide 
Corporation, K-1694. 



28 

APPENDIX D 
'· 

Listing of FBSAM and Test Program 

.. 



-·;·IRst~ORif OF EACH RECORD 
1 • 1i001 1q01 1~01 

1l * 1·oo1 ·qo·t ao,1 
·-lf~i SUM~ARY (SECONDS) FO~ SECTION b 

1701 
701 

toot * 
bO 1 * tSOl . so. 1401 

'101 1301 30 

. ... ... . .......... , ..... aJ.':A:-'f'-"N'--.li.'Co-~::O~Mu_;~'-1.1 lwl...:;E_--:-'I.J.:~...i:lSu.J--,--"'R~D I~ lU L -~- ... NOT~ . RIIN.Od...A.S s_f.ois.P. c .. ..ti.K.~P.C .. Pol~ T 
REAL TlMEa 0,0 0,0 0.0 · 1.410 o.o 0.0 0.340 0.0 0.0 0,0 
CPU TIME: o.o· ~.0 0,0 o,o 0,0 · o,o 0,0 o.~ 0,0 0.0 
Tl3 TAL RE -~ L .. T...l..l!!.f..Jt.. __ _,J,_.,._.t-"'S'-"O __ _ 

TOTAL CPU TIME : 0~0 

. ..cJ£rL ... w.J..u..t£__~Tu;~;...;S)...jt~.--_.,R'-':Dui'.I!:'-"!RU. o.ticK.... N.Olt_ .RI!INO/~ASS 
REAL TIME:· 0,0 0,0 0,0 0,030 0,5]0 Q,O 0,3UO 
CPU TIM~ : O,Q 0,0 0,0 0.0?0 0.0 o.o 0.0 

8 9 10 . 
FORSP..C .. i:I.K.SP.C. .. POINT o.o . o.o o.o 
o.o o.o o.o 

TOTAL RE~L .U!'I.f._;____ o,qoo 
TOTAL CPU TI~~ : 0,020 

TIME SIJM .. A RY (S'£CUNDST- F fJ;( SECT I UN--. -8-·----·---- ............. . 

.. Q~._F .... N_.,..C~ll,_,_M7~..._U.._IE.__ 
5 4 5 0 7 8 Q Pul~T 

REAL li~~i 0,0 0,0 
CPU TJ~~ : O.~ 0,0 
TOTAL REAL TIME·: 2,300 

TOTAL CPU Tl~t : 0.0 

__ l.E.SJ__H.O.L.ttfU.L L:.~f.C K ... NUT L . R.w.~D/ P.!SS ... f.OR.S~C i:IK.S~.C 
o.o 0,180 o.o o.o 0,200 o.o 1.900 o.o . o.o o.o o.o o.o o.o o.o 

0,020 
o.o 

RESULTS IJF SP4C fr•ii;- E.XERC 1-S-E-----··---·····----- .. 
. 1 * 72001 70101 7~001 7~001 72001 * 72001 bb937 1301 

1201 
201 

1201 

71101 
70101 

711 01 

N 
\0 



TIME SUMMARY (SECONDS) FOR SECTION 

ohN COM~"TE rist 
REAL JIHE• 0,0 OeO o.g 
CPU T ~E • 0,0 0,0 o. 

__ ....J.O.UL REAL ftMf • 0,7'10 

TOTAL CPU TIME a 0,0 

FIRST WORD OF EACH RECORQ · 

11sol : JYUI 118l 
---TfME SUMMARY (SECONDS) FOR SECTION 

2 

CH~CK o.o o.• 

401 
1401 

NQT~ 
o.o o.o 

• • • 

RW~OI~ASS 
o.150 o.o 

mSsec HK~PC _p_ull_r. 

f>Ol 
1b0l 

8.0 .o o.o o.o o.o o.o 

701 
1701 

801 
1801 

901 
1901 

----=-"0"-':A:--'f'-"N'--~Ci.!-!!MI:Ll~~~..LJI r~..~E;...._--:--+T~l~s .... t ---,--"R~Oui~:"!R+I..._T ---'C~H:u:l~C~l<-.oo.N"!-(J ....,I r~-_____.,R...,WwN"!0~/7-~a,A s.._.s,.__-'.:f':-". o~S_..s.r:.f.l..._( ~ti~K~~~P'-"C-<=-Pio.:-1 ....,l2~r .. ·-·- -· .. _ 
~~OLTJA~E: 8:8 8:8 8:8 . 8:~ 30 8::~ 8:8 8:8 8:8 8:8 8:8 

_____ tulll REAL TJMf a 

TOTAL CPU .TI~E : 

0 I '5 JO 

o.o 

(SECONDS) FOM SECTION 4 

1 . i! 3 4 '$ b 7 en§ .. P.. 9P 1 o 
---=-u.O'!-l~f~N"---""C~OII!IM'I!:'Pv.U~T!;.--:-~T~£...,S'-'-T---'R~O~/~•~·R~I,--~T_~CH..,#:-1C~K~__,Nl'tQLLI+f,---~RouwuN~O~/'-'=P'-"A_.,S~S,---~_~-.U:!!~~t..e-CL.~-I]JMK..._,S~"-'C--JmUI.I-· . 

REAL TIME• 0,0 0,0 0,0 0,020 0,520 0,0 0,0 0,0 0,0 0,0 
CPU TIME : OoO 0,0 0,0 0,010 0,)50 o,o 0,0 0,0 0,0 0,0 

__ ___IOlAL REU TIME = 
TOTAL"CPU TIME • 

o,suo 

0,060 

----·-FIRST WORD OF EACI1 RECORD 

t7sol ! Hl8l t~8l 
TIME SUMMARY (SECONDS) FOR 

·a~Ft.l. coHiuu --··-REAL-TI ME• o.o o.o 
CPU TIME = o.o o.o 
IUHL BE~L II ME • 2.200 
TOTAL CPU TIME • 0,0 

1 ~81 
SECTION 5 

rl~r II 
iDli!IRIJ o.o o.o o.o o.o 

1101 
11101 

Ct:I~CK 
l,ii!OO 
o.o 

so I • 
150 * 

bOt 
1b01 

NOI~ RWNDLL.ss 
o.o o.o o.o o.o 

8 

701 170 

q 
EDBS~r: BKS~C 
0,0 o.o o.o o.o 

801 180 

-~~ 
o.o 

' 

1001 
72001 

1 0 0 1 
72001 

w 
0 



'.ci~~--~·-~;~~@~~~Wl~:f~ifl4~~~f~-~~·;g:i.r·· ... ·~.H~cl< 
~~~LrJArE: g:n8'" 'l:·'g''''; ntg:;g'· N"''''~:·tn .· .. g: g . 
TOUL REAL TIME 11: 6 0 680 

TOTAL CPU TIME a l~lSO 
·~ · ... : ;, . . /·· 

.... ·; 

NOT~ 
0-.-0 o.o 

RWNO/~ASS 
0-.-0 o.o 

FoasPc 
0-.-0 o.o 

q 
~KSPC 
0-.-0 o.o 

Pol2r 
0-.-0 o.o 

w 
~ 

; 



TI~E SUMMARY (SECONDS) FOR SECTION ... 5 

40f 140 
501 * 

150 l • bOl tbO 80l 180 

O~f"N 2 3 II 5 & 7 8 q 10 ·---,::-'-oU;;-,..__....,_.___.._c O~M""P=-'L.ul I....,F __ _._I:-t Sl:!-I~__.R~Du.ht!U.L.JJfll1LJillJ .. L.---B11Ji.D.L~S._ ...fllR.Sl?.C _ ... .liK.SP.C . ..P.O NT 
o.o &·.o 1~sao o.o o.o o.o o.o o.o o.o o.o o.o· o o.o o.o o.o o.o o.o o.o o.o o.o 

IOUL..RUL.._ _ _._t...._I ""ME"--'a,.__ _ ____..,lc-..o-'L52...,0..__ __ ·------

.TOTAL CPU TIME : 0.0 

-· F"iRS-T lli(iRD---OF EACH MECORD 
1 • 12001 tqol 

11 * too 1 . qo 
1801 

801 

TiME SUijMARY CSECONOS) FOR SECTION 

1701 
701 

1b01 * 
&01 * 

t501 
501 

1"01 
401 

1301 
301 

. ...._o7h'-'N..___.c'"':o~M'-'=~ .... u_._r ,._E ----,;:-'r....,~,....s~r __ eo 1: RI r 
... REAL- fffiiE'il o.o o.o ·o.o 0.570 

- b . 7 8 q 10 ~JL_N.UlL. !t!!'!~...D.i..P..!S.lL ... f...OR!E..C_til.<.SP-C .. PU NT 
o.o o.o 0.750 o.o o.o o.o 

CPU TIME : o.o o~o 0.0 o.o o.o o.o o.o o.o o.o o.o 
.. .TOlA.L RE.!L_I.l.Mf__,._a __ ...Ji....o._..3""2-"-o _____________________ .. . _________ ...... _ .. 

TOTAL CPU Tl~E : 0.0 

SECTION 7 

. _____ ..... ___ _ab____Jc...,o'!-'M:u;~;->-Uui_..E_~Ti!:-'siLJT'--.J:IR~D,~../~:r;-R~JT.___tjooln__!!QJl __ M.N.OJ.AS.S_ £~.S.f!.C_ __ d_K~C .. .Pul~T 
HEAL TIME: 0.0 0.0 0.0 0.010 0.550 0.0 0.570 0.0 0.0 0.0 
CPU TIME : 0.0 0.0 o.o 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
_ T.Q UJ. __ B_E A.1.... _,_T_..I.w.M..._E ---'==--_ ____.1_.. • ...._1..._30,.__ ___________ _ 

TOTAL CPU TIME • o.O 
'fHiE- S(f~oi'M.AifYTS.,..E...-CU""N'""D"'S..,),.......,.F""O;..;R---..-SE....,C,..,T...,-I,..,.O...,.N,..... _:__""6--------------------------- --------·--- ....... ----------- .... -

nhN COM~UTE T~ST ·RD/~RIT CHI~CK .liO..It..Ji!'l.t"!.~_A_s__g __ FO~SPC q PU~-~T 
--.REAL- -~j M;-;-;E.-:•=--~o ..... 70 '"-'-'-___,..~0~.~0_.._._..___--:o~.~0:-'"--1-ll-110~ o<-;7~5~0~~0-"'-. ~0 !w..IL_ 0 • 0 0 • 0 'I 0 'I • 6 &~O_,_~g:-u~~~-'-P,._C o·; (j -

CPU T ME • OoO 0.0 0.0 OoO 0~0 OoO Oo020 OoO o.o OoO 
·' , •. UlJ~_RfAL..J .... I.c.ME..........,a...._--:-____..5_._ • ..._45'""0..____________ ·-----·--· ·-- __ ---· _ ·---------------

··::. 
TOTAL CPU TIME a 0.020 

72001 7200l 72001 * 7Z001 1301 
TIME SUMMARY <SECONDS) ~OR ~~CIION 9 

'· 

1201 
201 

1201 

7~881 

71101 
70101 

7 kl 01 

w 
N 



* * * PROBLEM BEGA'N ON-10/l~/75' (.10~). AT TIME 11 MRS. 41.15 MIN. * * * 
·., ; . 

~ . ' ., :: . 

T!~E SUM~ARY (SECONDS) FOR SECTION 

O~fN COM~UTF T~ST 
-·REA[ JIMEa 1.040 0.040. o.o 

CPU T ME • 0.0 0.020~ .. 0.0 
.. _ ... IOUL.REAL TIME a 

TUTAL CPU TIME c 

... NOTE-· ARRAY 

-9 .-,, 0~ 

o.ouo 

II RQ/ .. Rli 
o.o 
o.o 

c H ~ C ~___.!I!...,O,ui'-':~,----"R"'I!'""'"'~D.L/"=~~A ~S s.,___.F,....a.uB?-'suP:..>.C~_.,.BcnK~~Lp..._c ---'pr::..Jo~l g_L . 
7.840 o.o 0.390 o.o o.o o.o 
o.o o.o o.o2o o.o o.o o.o 

1 * OOOOOOFF 00020100 00010110 00020100 00030100 * 00040100 00050100 00060100 00070100 00080100 
11 * 00090100 000 0100 000801~0 OOOCOlOO 00000100 * OOOE0100 OOOF0100 00100100 00110100 no120100 

- --TlME SUM~AR1 (SECONDS) FOR SECTION 2 

oh111 CO~~IIIE I~SI 4 Cl:i~CII 6 RI'.NDl~ASS 8 9 ~L--BOl!!iRII !lilliE I:'ORSPC a~SPC 
R~AL U"'E• o.o o.o o.o o.s3o o. o.o 0.200 o.o o.o o.o 
C U T E a o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 

.. IO.lll REAL III!IE • Q~I30 ----------
TOTAL CPU TIME = o.o 

-- FTRST--WORD OF EACH RECORD ---------·-
l * 101' . 20l 301 401 501 .. 601 ~01 301 901 ~001 

17501 * 1101 120 1301 1401 1501 * 1601 1 01 1 01 1901 001 
·-fii.,-e' -SUMMARY CSECO"lOS) FOR Sf.CTION J 

-----····- ... 

ah"' CII~~UIE I~SI II 5 b 7 8 q eul2t __ --- ·-·· -- BOll!!f~ II C1:1Hr> N[llE HIII~QLPASS EU~S~C ti~SPC 
REAL J£MEc o.o o.ozo o.o 2.780 o.o o.o 0~0 o.o o.o o.o 
CPU T E : o.o o.oto o.o 0.020 o.o o.o o.o o.o o.o o.o 

···- _ml_AL..RU.~ I I ME 1!1 2.800 
TCTAL CPU TIM I:: = o. 030 

TIME SUioiM_A.RY ($ECO~DS) FOR 'SECTION 4 ----- ·-· 

. ohM i ' rl~I 4. CM~CK 0 RI'IINDL~ASS Eols~c BKl~c olli' ---·- --·--·-· CO~LUIE RDll!lRU NOIE .. p l 
REAL TI~'~E= o.o o.o o.o o.o 0.7~0 o.o o.o o.o o.o o.o 
CPU TIME = o.o o.o o.o o.o o.o 0 o.o OoO o.o o.o o.o 
ICUL E!EAL liME II o.zso 
TOYAL CPU TIME. ., · , o •. o3o 

' ~ 
,. 

w 
w 



- - ---- .... ·-·-· 
FIRST WORD 0~ UCH R[COilD · ... 

. sl': nu- -·l;u· .·
1tu .. ~U.l 1t81 * ~~u . 1~81 1181 1 ~81 Ul8l * -----------·· 

TIME SUMMARY (SECOr-.OS) FOR S~CTION b 

oh~ 2 dsr 4 c; b 7 8 q 
~al~r Clll!!lf!IIIE 8Dlw8U C:~ECK ~OlE 8L!I~Dlf!ASS HI8S~C BKS~C --· . 

. --R~ALJIME• o.o o,o o.o o.scao o.c o.o 0,980 o.o o.o o.o 
C U ,T ME • o.o o.o o.o o.o 0, C· o.o o.o o.o o.o o.o 

........ lOULREAL IIME !I !,520 
TUTAl CPU TIME. = o.o 

---. -,. 1'11'E SUI'IMARY (SECONDS) FOR SECTI.OIII 7 
------- ... 

oAEt.~ COMiliiE rlsr RDl~UI c~:tlc" YOI~ lhlt.IDl~&SS 8 9 ~ol~r -·- ·-·-- ------- E088~C BICS~C ·····--·-· 
HEAL Tl!IIE.:: o.o o.o OoO OoO Ooll80 OoO lo 380 OoO OoO o.o 
CPU TIME. = OoO OoO OoO OoO Oo040 0 0 0. Oo010 OoO OoO 0 0 0 . 

__ ,_IQJ.Al..~__f.AL Ili!!E :: 2o0b0 --·-··-····-··· 

TOTAl CPU TIME • 0,050 

TIME--slir."'M·AHY (SECUNOS) FOH SECTION 8 

oh~ 2 3 4 '5 b 7 e q 
~ll~~J w 

-- -RH'L"ffM'E• CO!!~IIIE IESI BDlrHUI CMfCK ~OIE Jii!j~QlfASS ED8Sf!C tiKS~C ··--····· ..... ". .p. o,o OoO o.o 0.380 o.J o.o ·0.040 2.520 o.o o.o 
CPU TIME • o.o o.o o.-o· o.o o.l o.o o.o o.o o.o o.o 
.!.OUL HEAL I I!~E • 2,!ilUI 

TOTAl CPU TI~t: • o.o 
---·-RESUL TS.Of SPACING EXER~ISE 

··--- ·-· .... 

1 "' 72001 1 •o• 72001 72001 72001 * 72001 b6937 1301 1201 71101 



TIME SU~MARY (SECONDS) FOR SECTIO~ 2 

_. _ -.. ·-··- O~EN 
REAL TIME• 0.0 
CPU TIME c - 0.0 

tOM~UU 
o.o o.o 

T~ST 
o.o 
OeO 

C H ~ CK . ..liO.Jl 
o.o o.o 

R w N oili.i!s.>:ls---'F~ou.~2~soue:.lc~· ..I!B~K~~t.r:P.~oC_ i'OUJ . 
Ool80 OoO OoO OoO o.o o.o o.o1o o.o o.o o.o 

.T.OTALJUAL TIME • 

TUrAL CPU TI~E : 

o ,:a sri·· 

o.o1o 

. ______ :...._ __ . _____ _ 

F :tRs r··woiH>" ·aF....-.E.,..A'""t.,.H.,....R"'E·"""c""o""R ... o-------------------·--·----·-------
1 * 70101 i01 

17501 • 71101 1201 
301 1301 401 

11101 
501 , b01 

1501 , 1b01 
801 

1801 
Tiol(' Sl.ifi4·M-AR""'Y-,-,(S'"'E""'C.,.O"'III""'D""S,.).........,F.,.O""'R--=-sE""'C;;..T;-,I=-o=N..,..----.3,---·-------····-----·------- -------·-·- .. -

.. _ . -.. ~ ..... oJ;C~I"-Ft\!,.____,c.._.o,u:M:.u;~,_..uLIT.....,E_""-'-T.~;~.>:~.S.LT__JR.,JD~/u~~R~IuT_~Cdu_ __ tiQlL R~r;Cl:'N.Jf:OL/~~.e.A.._SS..__~F~O.u;Bpsu!=':..o.C~-'!B~K~~.r:.P_.._C 
RE•L fiMEa 0.0 0.0 OoO 2~250 0.0 0.0 0.0 OoO OoO 
CPU T ME : OoO OoO OoO OoO OoO 0.0 OoO OoO OoO 
.TClT AL RE.AL. .. l~ __ __.2c;.. • ._.2"-'5:uO~..... ___ . ------· -.-... ··-----·---

TOTAL CPU TIME : 0 0 0 

l'.al!t. 
o.o o.o 

TIME SU-M"1AlfY (SECONDS) FOR SECTION ''1------------------·---------------·--·--- ..... 

ohN · I:OMiUIE r!st " c~icK ~OI~ B~I!!Dl~US Eolsec aK3ec ec!2r_. HDli!!IU! 
REAL t J MI= ----0. 0 o.o o.o o.o 0.910 0 •. o o.o o.o o.o o.o 
CPU TIME = o.o o.o o.o o.o o.o n.o o.o o.o o.o o.o 
TOH..L _ .RU.L .. ll ME = 0.2l0 

TOTAL CPU Tl"'E • o.o 

901 
1901 

FiRST-~ORCIOF EACH RECORD 
1 * 70101 201 3Ct 401 

1401 
501 • 

1501 • 
1)01 

1b01 
701 

1701 
801 901 

17~01 * •71101 1201 13C1 . 1801 1901 
_ ..... lH1E: SUMI"!ARY (SECONDS) FOR SECTION 5 

· ahN ca14iuu rln 
RE_A_[ fi'Mf=- o.o o.o o.a 
C~U TJME c OoO 0.0 OoO 

Q CH~CK Nnt2 7 FoRsee 9 eoi2T HDlWRU BWNDLPASS BKSPC 
0.020 &.coo o.o o.o o.o o.o o.o 
0.020 o.o o.o o.o o.o o.o o.o 

____ TOIA.L .REAL TIME c b 0 020 

TOTAL CPU. TIME a O.OlO 

tOOl 
72001 

1001 
72u01 



NOTt · R!IINO/~ASS FoRsPt Pol2r 
'CPU T ~E a 0.020 0,0 0,0 0,080 

o.o o.o 
o.o o.o o.o 

·o,o 
o.o o,o o.o o.o 

TOTAL ~EAL TIME ~ 12,e~O 
··ro·TAL ··cPif."T'"Ic;:::M"'E--=-c---:O:-.-:l--:070 ____________________ .. ______ ... _ ........ _. _________________ .. __ . ···--.. - .. 



·-·-FlRST ·IIIO=R=o-o=F=--E·=-A"""'C=J1.,......,.R=E'""t=o=R'""D.,.... ___ -------,------------------------·-·--·-·· --- ... 

l * 1o1o~ .. ··:2ol lol 1101 sol* bOl 70l 8ol . qo1 
1750 * 7t o" UO' - 130 140 150 * 160 t7o 180 tqo1 

TIME SUMMAHY (SfCONDS) FOR SECTION 5 

·1 ~ l II S o 7 8 q '10 
RUL.:...J. "f ioiEa---d'I:E-"'N'--"'-Cllg"'-~·~o '~J-' TJ-~f....__-;2;:-l!l-lj~~aH~:---"''~Jtg-~...~~~R':!-4t-AT-'-·-·~-~-~.AM. b~: SPC -~P.C. ... .P~~ T 
CPU T ME • o.o.. 0.0 0.0 0.020 0 0 0 o.O 0.0 0.0. 0.0 0.0 
TOT A.L .. RE.A.L_.._t .LJI !1ruE~•L-----o:l3 .... ..uo..Jlcu.O ______________ _ 

TOTAL CP~ TIME : 0.020 

F 1 R s T ·"·oRo- oF 'E"'•".:'"'"H:--;;~'"'E"'"c~o:-;;R-.o--·--------------·· ·--- ··-------· ----·-·-------·------ ·-·-·· ··· 

d :· 7f88t . ''. ~:81 1:81 qgf 1 ~81 : 1 ~81 1:&1 1 ~81 
. TIM[: SUMMARY (!E:ONDS) FOR SECTIO~ b 

--------·-···- . 

... ··-······---.uO-';-~~f"'-N---'C...,r...,lM""~::->'.u'T._.F_..,......I_.,.~-¥5-'-I---'Rru0..._./._,~~6:-<1!-'I'---'c'-'cJ.o. . ..NO.IL_.H,.,ND/~455 _ _,F'=-'C.ul~~SuP:..o.C~_.,.B""K-"!~.c:.P..._C. _P.~T 
REAL TII'!E• 0.0 

0
0 ••. 

0
0.. OoO Oo730 0.0 0.0 O.!iOO OoO 0.0 0.0 

CPU TlHE : 0~0 OoO 0.0 0.0 OoO 0.0 0.0 OoO 0.0 
TO JAL RE.AL..i..~..I MCJE~•,.__ _ ___.· t...,0_..2_.lw0 _________________ ----·-------------· --------·-- ·----- __ __ 

TOTAL CPU TIMt : 0.0 

. TI"'E. SUMMARY-(SECONDS) FOR SECTION 7 

. . .. ---~.,.N---C~.JO~.JJM.,.j.._.iJ-IT'-'E:.--· _.t~l..-.s"-t-... HOU-#-Jt:.,R,..,t~~r.___.,c,..ce~~+CIL-tto.l.t .. Jhd!Or-6-I~~~A_...S..,.S-~F~O..uS,._.suP,_.c __ _.,B..,K...-.:""P-"'C- . .PoilT. 
~E•L TIME: 0.0 0.0 0.0 0.0 O.b80 0.0 0.350 0.0 o.o o.o 
CPU TIME. : 0.0 0.0 0.0 OoO 0.0 0.0 0.020 OoO o,o 0.0 
TOJ AL .RU.L ... UnME~-"------II..., • ..J.jOL.,;l3wO ________ _ 

TOTAL CPU TIME • 0,020 

T I ME S U,. !"A R Y -.<SEC 0 N 0 S) -F::-O=cR=---:S=-::E:-:C:-::T:-:l:-::0:-:-N,--~8---·------------------ ------ ----- --------------------- ... ··- . 

_ . .. ____________ .olEN CQM511TE rfsr 
RlAL JIM~• ~.C 0.0 OoO 
CPU T ~E • o~c 0.0 QoO 
TUTAL .REAL-IIME • s.1so 
TCTAL CPU TIME • 0.050 

" ROIWRU 
0.290 o.o 

5. _b .. 7 
~P...A.S..S. o.o o.o 0.050 o.o o.o o.o 

.liESUL TSOF SPACI:NG f!(ERCisE 
1 * 7i001 7010.1 TiOit -72001 72001 * 72001 

TIME. SUMMARY CSfCOND!l FOR SECTION 9 

~fi:-LO.u;~~SuP'-l.C~-EH.aK~~~PI:-C _ _P..ui~.T .. o.o s.ooo 0.010 o.o ~.oso o.o 

1201 
201 

7~881 

71101 
70101 

71101 



Tl14E SUMMARY (SECONDS) FOR SECTION 1 

. . ........ ___ ----::-'-n~A-!i:f~N___,C~'.plM:u;~:--':t ~~ T~E-~H:---3 S;J..JT~.--.nR>J.tOJ-Jt ~iiliiLJ101t__.JOOtOLL..s.s._ __ E aSs pc .-HK:ec .J.Ioll.r. 
REAL )~ME•. o.ezo o

0 
•• o43g g.o o.o~o l. · o o.o o.sto o.g o.o o.o 

CPU TIME • 0,040 0 ,o 0,040 O, 0 0,0 0,0 O, 0,0 0,0 

TOTAL RfAL_,Tc..oi...,M ... f_,.a ___ A.....,, A,.,o...,· 0"---'-- ------· 

TOTAL CPU TIME : 0,160 

~UTE AR.R4V 

tl : 88BS8Y~~ 88828l&8· 888ABI88 
TI11E SUMM.Aify-(SECONDSl FOR SECTION 2 

00020100 
OOOCO OD 

ooo1o1oo • ooo4o1go 
00000100 * OOOE01 0 

000'50100 
OOOF0100 

000~0100 
00100100 

.. . --···-- ;:-~D~A;-<E-"N'--..... c"'.::O""M~~_..u_._T.._E_:;-T.uf=-'s.._J,__..aR""D:.L/~~~R~I_,_T _ __,c,._,H:uf,_.'c...nK .tmt!_ ..H.!"~~-AS.S.. .... E..UbP.t_Bl(iet. ___ p.ol~.t 
REAL TIME• OoO 0,0 0.0 0,530 0,0 0.0 0.100 0,0 0,0 0,0 
CPU TIME • 0.0 0.0 0.0 0,040 0,0 0.0 0,0 0.0 OoO 0,0 
TO TAL . REAL TUI.f_: __ .... n ~· 6.._l;uO,__ __ _ 

TOTAL CPU Tl~E : 0,0140 

FIRST wORD OF .. EACH--;R;;-;E .. C""O;:-;;R""O ________ -····- -------·- .. -- ---·- --··-····· ·····---·----·······-·-··-- --- ---

175ol ! 1l8l 1~8l 1i8l 
TIME SUMi1A~Y-TSE.CUNDSl FOR SECTIOIII 3 

£101 
1'101 

501 * 
1'501 • 

bOl 
tbOl 

701 
170-l 801 180 

... . ...... ""''"""tP~f_.,N,___..c"':tO=H-"=-~ ..... !l ...... T.._E_:;-r~l,_.s>-Jr,___,R~·)'-L/-!'~~R+t.._r _c;~JHUL~DllA.S.S__.fobn._ __ ~~---~O~~T 
REAL TIME: 0.0 0,0 0,0 DoblO 0,0 OoO 0,0 0,0 0,0 0,0 
CPU TIME : OoO 0,0 OoO DoO 0,0 OoO OoO OoO OoO 0,0 
TO J K REA•L_ lll!.E_~ ___ ...,o..._ ..... b..._l .... o ____________________ . ________ --·------·-·· ____________ ... 

TOTAL CPU TIME : 0,0 

00070100 
00110100 

901 
1901 

... ..... . _ ··--·--·--· ahN COil!~UTE 
REAL ~IME: 0,0 0,0 

rlsT 
o.o o.o 

4 
RD/wRIT 

o.o o.o 

5 b 7 8 9 10'. 
CHE~CK~--'-'N-"!-OlE. _ _B.Mtl}/..f!ll __ .E..QRSf.C.. BI<SPc____:e_o !liT. :'. 
O.biO 0,0 0,0 0,0 0,0 0,0 

CPU TIME : OoO 0.0 o.o2o o.o o.o o.o o.o o.o 
_ .. lOTAL. _fiEAL__,T._.Iu:Mu.f.__,:"----"-O..,,b.._t._,o,_ ___________ ··- --··-- ··-···-----------·-·····-----··- -·· __ ·-·-----·--···-- ···--···- . 

TOTAL CPU TIME • O,OlO 

00080100 
0012(1100 

1001 
2001 

w 
00 



--FIRST •ORO OF EACH RECORD 
1 * . . 7~001 .· 190.1'.: 

11 * 100 • 9.~-
-1&01 cE;O t 

TJME SU~MARY (SECONDS) FOR SECTION 

1 ~81 t ~g I : 1501 50 

1 2 3 ~ 5 b 7 
=------'-Ou::P~E....,.N'---~o.C~OaMP'=-'u..'T.~-~E.._--=-'t'-'f;..o:S'--'T-.JSH-1.1-0.~-./aL"RI!L,I,...lT-I----OiUI{_____N(J_I£___RioiHD.J1'..A.S.S. ... REAL--TIME• o.o o.o o.o o.&OO o.o o.o 0.430 

CPU TIME a OoO OoO toO 0.010 0.0 OoO 0.020 
.. T.DJ.AL_ ~.!:lJI!~::..E--'a,.__ _ __Jt._. • ._.oulwO'---------

TOTAL CPU TIME : 0.030 

1401 40 

~E,.t.n~S~s~P.l.C-J.?.H K~L~O?JP~C.;__ p_ulh 
o.o o.o o.o 
o~o o.o o.o 

·-· -· ·-···-·--···-----· ---- ---··------- --·· 
(SECONDS) FOR SECTION 

~-~n~A~f~NL-~C~OmM~iullT~F~~T~~~Sui_~R~OLI~=~H~ITL-~C~H~?~c~K~~N~Q~T~r-w~w~N~D~/~~~A~~S~SL-~F~O~~~S~P~C~B~Ku~~P~C~1PU~I 
REAL TI~'~E= ll,.o o.o o.o o.ot~o o.soo o.o o.3so o.o o.o o.o 

7 

CPU TlME : o.O 0.0 0.0 0.020 OoO 0.0 0.010 0.0 0.0 OoO 
_ T iJ.T A.l _ RE.A.L IL.Iur1uE~-'---,..-U.o.._. 19 5:1J. Ou.-------'------~-

.TOTAL CPU TIME : 0.030 

TIME -SUMM-Afry-· (SHOIIi[)S) FOR SECTION 8 

. . .. .. ·-. _ . ____ ---:-'o"-';P;.<E'-""''--.... C-':!DCI:!M~~J.LU-'-T ..._E ---c=-r~l:--s:ur _ _,R~D'.L/~~.!}R+I -'-' __JC~H~~~C.L.K 
R~~L IIME• o.o o.o. o.o o.~oo o.o 
c~u T ME • OoG OoO OoO 0.0 OoO 

tillrk ____ R W N 0 J ASS 
o.o 0.040 
·OoO. OoO 

8 
FURS PC 
o.o 
o.o 

q 
~KSPC 

.280 
Oo020 

_p_o.l_~r 
0.020 
o.o 

.TOULR.f.A.L_U.r:~M.s;.E--"'-=---'1.o•w7u.41u.DL-________________ -------· 
TOTAL CPU TIME : 0.020 

72001 * 1 2o-o 1 
·--------··-·--·--------··--· ·- . 

oo937 1301 
. RESULfroF SPACING EXERCISE 

1 • 720~1 70101 72001 72001 

----------· ·-------·· 

1201 
201 

1201 

71101 7010 

71101 



·-·--·-····PROHLU4 BEGAIII ON l0/l9175 .(302) AT TI~E 1J HRSo 40oC!O MIN. * * * 

--..T-;-P'""IE;:---cS""'U-:-:"'-:-:"'-:-cA:-::R'"'"y:--:(-:Sc::E-::C-::O-,.,iii-=-D-=-s-:-)-cF::-:!"l""'_R:"-:S:-:E::-:C:-:T:-::Ic:O::-N----:;:-2---------------------------·--·--·------·--· -··---··-·--··-··· 

JJrN 2 
CDMPIJTF 

.REACTiMEr: o.o o.o 
CPU TIME c o.o o.o 

dsr 
o.o o.o 

u 
RD/wRTI 
o.seo 
o.o 

s 
C HEC: K 
o.• o.• 

_olllLUilc.LTL~___rRu"wNw.DJ:~A-i!-S.i1S__JI-~OnS~su=I?:.~.C_J?-H~K~,;uP~:.~C~__wi~.L 
o.o 0.150 o.o o.o o.o 
o.o o.o o.o o.o o.o 

TDJAL_REAL I HIE • n.110 ~-~·"'-"'------....U...,...L-,;IW--------------------·----

TOTAL CPU TIME = o.o 

FiRST--WORD-OF EACH RECORO 

t75~t : JVI8l 1~8l 1J8I 
~i~f ~ijMMARY (SECONDS) FOR SECTJO~ 

2 3 
CQMI?i!JF usr 

-i!~(· TIME: 0.0 
CPU TIME : OoO 

o.o o.o o.o o.o 

3 

u 
HO/wRIT 
o.s8o 
o.o 

TOTAL. RfAL_IwluMuE~=~--Ko •• ~s~so~--------
TOTAL CPU TIMt : 0.0 

T.fME SUM-MAifv (SECONDS) FOR SECTION " 

501 * 
1501 * 

b01 
1b01 

701 
1701 

801 
1801 

~------ .,_, ___ .. __ _ 

b 
NQH 

o.o 
o.o 

7 
!hiND/PASS 

o.o o.o 

8 
FORSPC 
o.o 
o.o 

q 
BKSPC 
o.o 
o.o 

o.o o.o 

__.,o._.~""f"'. N.___._c ..... O.c.Hr_~u.ll _uT E~_tui;...;SuTc___,R-""0-~../..a:.n.R•l _._1 ___.t..,H:ui;..ot,...KL _ _,.N.un_,_T~:_·_JRruW"-'N"-~0~/'-'~::-"A'-"SLilS,_-r:,F....,O~=..._sr_pC..._-lB~K:u~~P::..~oC.__rP_Ol~.--
Rf:.AL TfME;:-- o.o 0.0 o.o o.o il.S20 o.o 0.0 o.o 0.0 0.0 
CPU TIME : o.o o.o 0.0 o.o o.o o.o 0.0 0.0 0.0 0.0 
.TOJ_A L . RE._!L__Ili!..E_:=~-___j,OLoo...;<5~2.liO ____________ _ 

---~------- ---·--. 

TOTAL CPU TIME : 0 0 0 

FiRST w'i)R'o· Uf' EACH RECORI) 
1 * 7010! 20\ 

17501 * 71101 1201 
-·-·--ffME. ·su~o~M:ARY (SECONDS) F.QR 

oAEtt~ 
R~AL fi I'!E:: C U T ~E. :: 

o.o 
o.o 

______ JQIAL._.REAL TIME : 

TOTAL CPU TIME = 

COI!IiiiiE 
o.o1o 
o.o 
2.490 

o.o 

301 
1301 

SECTION 5 

rlsr 4 
RO/I!IIUI 

o.o o.n 
o.o o.o 

-·-----·----
uo 1 SOt * bOt 701 801 

~'101 1501 * 1&0 1 1701 1801 

5 ~OI~ 7 8 9 ·poi~.L-CHCM Rl!lt!!D/f!ASS EDHS~C BMSPC ... 
2.470 o.o o.o o.o o.o o.o1o 
o.o o.o o.o o.o o.o o.o 

901 1901 

qo1 
1901 

t-:101 
72001 

1001 
7l001 



-- ·-·-··-·-····-·------··-··--·--~------------

O~EN COMJUTE 
_______ REAL tiME= o.,;oo a.·n 

CPU TIME = 0.020 0.0 

. rlsr RD/~RIT 
o.n s.soo 
o.o o.oso 

CH~CK NOT~ 
o ,._a_ _ __.o~·>:':o'-
o.o o.o 

TOTAL ~~AL TIME : b.lOO 
·roTAt. c·po-·Tl1141:: ~~~----:co-.-=-t-=-o-=-o----------·-----·-·-··--· 



----,i.ST WORD OF EACH RECORD 
· l * · 70tl 0l 1750 * 7 0 tl81 401 "140 t~8l : fiOl 1&0 

----------~--~~~~~~~~~~~~--~-----------------------------------------------------TIME SU~MARY (SECONDS) FOR SECTION 5 

. ----.. -- ------ .--'OUIA~E~b!~~~.--~;C~U.u~IJ. ~!.4UI-lT~E-~T~~.:J.S .._y ---lR~OJ.J'u~u· R4I~T---\.C-"'H-~;..~.~ C I(__NOii_..RlJ!O!LiliNll.IO.,__/~~•A .,_s.,_s ---lE~OJJ~l.lS:uP~C~~---Wu T. 
REAL JIMEc o.O 0.0 5.340 0.0 0.0 0.0 0.0 OoO 0.0 0.0 
CPU T ME c 0.0 0.02J 0.010 0.0 OoO OoO OoO 0.0 OoO OoO 
. ror ll. . .RE..U.- .r~ ""I ""'-lE~=..__ __ ___:::js ....... :s ... A..u.O---------------------

TOTAL CPU TIME : o.o3o 

FIRST WORO OF EACH RECORD 

l * 72001 1901 
1 • 1001 90 

TIME SUMMARY (SECONDS) FOR SECTION 

1 2 l 
OPEN CUMP!IlE H.ST ·-RfACfil'i"E.i o.o o.o o.o 

CPU TIME • o.o OoO 0.0 
TOUL REll. .. Tl ME c 1 • 1 20 

TOTAL CPU TIME : 0.020 

Q 
HO'*IUT 

0.770 
o.o 

7 

1701 
701 

1 ~8t : 

o.o 
o.o 

1501 
501 

0.350 
0.020 

1401 
4101 uol 30 

8 q 10 
-lE=-'O~R~SuP~C~~I:ilAK~S.!!Pl;...C _JI..Q.l N 1. o.o o.o o.o 
o.o o.o o.o 

-------·------------------------··· . 

--------- ------------------------..... -- . 

·------·-··-----· uo!!:.A~fNDL--l(L.JO.I.IM!l.l~~~.uii~...~:E~-LT.t.~.aS~I__JR~nll..ll.J~ILIRLJIWIL-..t.C.!!Hl!;l~cAK __ I\!oolu..lTJ.Jr~..~Ruiii.IINu;O~I~~~A.aS.aS_Et..JOUJ~I!US:UP~C;__..!HU!Kc:i~ . .er.__!_OUT_ 
RtAL TIME: OoO 0.0 0.0 0.0 0.~30 0.0 0.370 OoO OoO 0.0 
CPU TIME : 0.0 0.0 OoO OoO 0.1 0.0 0.030 0.0 0.0 0.0 
.1D U.L . .B.UL.--l-T~InM~:-f _,:..__ _ ___..o,_. • ....,q!.lJownc__ _____________ ___ 

TUTAL CPU TIME c O.OlO 

ahN C!IM~IJTf 
--·----RT~tTME= o.o o.o 

CPU TIME : OoO 0 1 0 

3 usr 
o.o o.o 

6 

" RD/t.RIT 
0.250 

' o. 0 

5 
("HECK 
-o. o 
O.Q 

-----·---·-····--

b 
NOTE 
o.o o.o 

R~NDI~AS~S~F~o~R~s~p~c~a~K~~~p~c~~P.Ul~r 
3.070 2.flt0 o.o o.o o.o2o o.o o.o o.o 

__ . ·-· TOtAL . .BEAJ....._ tlnM .... E~•---'s.._..,__,9....,3..,0,___ _____________ _ -------- ----···· 

TOTAL CPU Tl~t : 0.020 

RESULTS OF SPACING EXERCISE 
1 * 72001 ' 72001 72001 72001 72001 * 72001 1301 

........... U~E SUMMARY UECONDSl FOR SECTION 9 

1201 
201 

1201 

71101 
701101 

71101 



. Tl"'ES =-u'"'"M-:-:fo4-A::-:R:-Y--,('""S:-::Ec-::Cc::Oc:-:N-=D-=-s-:->-::-FO=-R=--S::-:E:-:C:-::T::-:I:-::IJ:-N-----------------------------·-··-··-··-···--·--·· .. ·····-

. . .. .. . .. --·--···--· : ... nu:~~t'~"''---'-c"!n,.M76lf-"~IE~;..--,-::-Iu:~;..;;Sui_ .... e~o.L'~~ ... e~x L~.K-..tiO.rL~.us_. EnS sec ~c... .Pcl~J .. 
REAL TI~E= 1.~~0 O,ObO 0,0 0,0 t,U90 OoO 0.~10 0.0 0.0 0,0 
cPu TI"'E = o.oso o.o2o o,o 0.010 o.o1o o.o o.o2o o.o o.o o.o 

. T D TAL RE.AL.. _y.._t...,M::uE~:.__ _ __,\'*•""'"""'8..._0 ____ _ 

TOTAL CPU TlMt : 0,110 

--------·--· ·-
00000100 00010100 00020100 '00030100 * 00040100 
OOOA01~0 00080100 OOOC0100 00000100 * OOOE0100 

000~0100 000~0100 00070100 
OOOFOlOO 00100100 00110100 

-------·-------·-· -·--··· 
2 

. . ·-- .... -· .UJO ~'::-'E"-'N"---'C-~;Of'Mu_;P:-"uul~E--;;-LT -:-i w..S J.._·__,e'-':o~/~~:-:'R~IJI_-':C.uH-:-£ C!o.JIC"----'N~I~l Tu;t:---_,R...,..,""N~O.L/7~ ~A -:-5 Sw___.F,_..O"-"S._..s'-"'P..,.C_~.,..O K.""'~o'!-"p _c_~O • ~0.1. REAL TI"'E• 0,0 8•0 8•0 O,SbO 0,0 g•o 8•170 0,0 CPU TIME·: 0,0 ,0 ,O Oo020 0,0 ,O ,0 0,0 0,0 0,0 
TOTAL REAL IIME_=~~~Ouou7~3wo...._ _______ _ 

TOTAL CPU TI"'E : n,020 

301 
1'!0 1 

401 
1401 

501 * 
1501 * oOt 

1b01 701 170 
·-------------·-···----

3 

801 
1801 

... _ .. _____ ___Q'=-Ih'-'N"'--_.C...,I-f.!'lM:u;~~lJ!-:!I .... E_~T~~.._S.._I__.R:uD~/'-!:~R~I_.T--,~C.L!.H~~.._C!S.,_· __.NuO,wT~r,_..cR...,WcuN~OL/-'=-~.e.A..._SS..._ _ _.F=-'O.U:~!-"Su:P'-"C~~t;.nK.>!-~LP.._C---'P'-¥01~ .. 
REAL TI~E• 0.0 0,020 0,0 O.SbO . 0,0 0.0 0.0 0.0 0.0 0.020 
CPU TIME a 0.0 OoO 0,0 0.0 0,0 0.0 0.0 o.o 0,0 0.020 
TOTAL. R.E.ALil.Mf ··-•--· .u.O.._:o &...,0.,_,(),__ ___ _ 
TOTAL CPU TIME : 0,020 

.. ···rij;jf: SUMMARY· (5-ECONOS) FOR SECTION 

REAL -TI"1E= 
CPU TIME : 

o.o o.o 
··-·-'IUIA.L .. _REAL TIME': 

TOTAL CPU TI~E • 

COM~ liTE 
o.o 
o.o 
0,520 

0,;0 

3 
.TEST 

o.o o.o 

4 
RQ/I!IRU 
o.o 
o.o 

0.52•) 
o.o 

, 
NOTE 
o.o 
o.o 

o.o 
o.o 

8 
FORSPC 
o.o o.o 

q 
BKSPC 
o.o 
o.o 

~t.al~T. 
o.o 
0. 0: 

901 190 

00080100 
00120100 

lOOt 
2001 



lt ,b·~~(O~E~.C~7~l~)~~~~~~~~~~~·~o~S~/~l~b~O~F~O~R~T~R.~N~H~~~~~~~~--~-~---·· .... 

COMPILER OPTIONS 

ISN 0002 
. ISILO..O 0 3 
ISN 000~ 

ISN 0005 
Sill OOOb 

I 8 N . .0.0 0..2_ 

lSN. .. oo.o.a... __ 
ISN 0009 

l s·r-.. 00 I 0 
SN OOll 

tSk -O.O.l.Z-­
SN 0013 

ISN 00111. 
ISN 00 b 
U!ti -.0~-1-­
ISN OOl8 

c 
c 
l 

c 
c 



n~ 
I Sill 
ISN 
ISfli 
IS~ 

ISN 
SN 

ISN 
ISf'.4 
ISN 
ISN 

PAGE 002 



52 

--4-~..Y.YH------\r-~...-!*eiiWt!~==---:::==-=--::---:-=-:=-:::=-:-:-::=--:;;,..--:::-:-=.,.,-'-;==;;::-;---=-:--:-------;-;!~~~---- -- ··- ------ ·-· -- -.­
I(MOT!,MOT!l~I•'O'lRST WORD 0, EACH RfCORD',lo) 

WRITE ALL DATA AS A SUPER•RECORO . E ........ •· 



c. 

PAG-E 0-04 
•. '·' ,+ t,~. ·;~;~:/<>< ~~;):.;~~- .. ~:: ' ~ ·. 

e~·;!IO .o_,•;!ih\~:tf.;\~CCJe~'(D'AT4-'FROI('LUNl TO LUN2, AND USE LUN2 FO~ THE TESTS 
. . ; " ' :. y. -: ~:·:::- . ·. .· . . . . . 

lSN 014 M a M + 1 FTST1700 ----------------

I S~ 0144 ~ ~ 2•M00(MP4SS+M~2) FTST1710 
Sill 0145 LUIII2(2) ~ NERC + 111 FTST1720 

~~~ su• Htt Ha~~cu, ~,., LREc, LUNt, LUNj?) HUH~8-
n~ su~ _ eaN~11~~tfu- _ HUH98 
~~~ 8U~ en L~~HB ·:- l~~zu> Hnn=g --
ISN Ol52 92 CALL TIM0N(1) FTST1800 
IS~ 0 53 CALL FBSAM (L1UN1, 1(, L8LMX, 1118LMX, LUN1(2) ) FTST1810 

--nn~~4 E'LL. fr~~M LUU-820---N 0 5 - AL ; M -T- FTSTt830 

~~ uu 900 i~~~~~ ~>, -_ HlJUU 
lsN 0159 END FTST1880 

•OPTIONS IN EFFECT* IIIAME• ~AIN,OPT=OO,Lliii~CNT:oo,SIZE=OOOOK, 

•OPTIONS IN EFFECT* SOURCE rEBCDIC, NOLIST ,NOOECK ,I,.OAD, NOMAP, Ill DEDIT ,to, NO X REF -------------

•Sf'AT1STICS* SOURCE STATEMENTS • 158 ,PROGRAM SIZE • U08 . . -·~ 

-*SfATISTICS• NO DIAGNOSTICS GENERATED -------

••**** END OF COMPILATION ****** 105K BYTES OF CORE NOT USED 
---------------------------------------- ----------------------- --- ------ --

~ 
'--1 



lSN 
I 5N 
15111 
15111 
lSN 
lSN 
15N 
ISN 

15N. 0011 

ISN 00i2 

u~ &&u 
ISN.00t5 
15111 OOtc P"' oota 
~~~ 88~~ 
u~ &&u 
ISN 0023 
15N 002U 
15111 OOC!S 

u~ .&~it ___ ··-·---· 
n~ ggn 
~~~ 881L_._ -··-~· 
15"1 OOB 
ISI\j Otl3U 
15"' 0055 
u~ ggre--·· 
lSN 
IS.N 

( 



ISN 0041 --- n~ gg:~ 
IS~~; 0045 

c 

FBS 0305 
_--EJi.S!I.Q.ll 0 

FI:!SM0320 
FBS"'8330 lNTRY FwRITt (K,X,N) F8SM 340 

20 i<c~UI}S.N2fnTEs ER!IM Aweu_ x .. l.NJ.o .. oA.u.s.t.r..c.mu..eOLU.D rl'LI'...._ _. _ d ~~~S~gj~g 
GO TO 22 FB M0370 
ENTRY FREAD ~~~XfN) . . FB M0380 • READS N BLL _R.QI!__.Q..U_!__Sf.l_t.ONJRQ.LU..O _a_y __ K._lt:U.U __ A.JiRAJ' .. .t._ F.:BS.MOl90 
K(KSTAl : 3 FBSM040U 

22 IFC~C~STA).NE.1 .A~O. K(NST•>.Nt.4 .A~D. K(N5TA).NE.5) ~U TO 9&0 FBSMOU10 
n~ 88~~-------· c 
ISN 0052 
lSI'! ... 0.053. ____ --· H1l?!~a; ~~r!~t~~--lril-q-fo- ----d·---- ···- ------------- · iU:&iU ISN 0054 
ISN 005b 

. il~_8lli_ . 
IS"' 0059 
ISN 00b0 
lSN 00o1 

KLBLK : K L8LK) FBSH0450 
nr=yKgE~~KSHl __________________ -··-·--·-···--···--·--·· __________ HI~8~'8 
Ee !""'l;l·~,~~~~~O(KL8L~,N•l·I>> ~~~cg:sg 

·I~ &Ul· --- ---· 
IF(f"-00CKCLE.RC:),10)•GT.t .A~Ol K(KSTAl.t::~,_ 2) LL:MAXO(LTRACK,KLBLK)FBSM0495 
IH~ant~:~&t ~~ e!Lt UU6 tHH~~N~~H~tHd---·--·····d··-~-n~g~~g 
K(NERR) • K(N RR + LL FBSM8515 

24 IE • IE + 5 FBSM 520 
GQ TO 980 -------·-· .. -·---··-··---·- -··-··-·· .... ·- -···- ---·-···--·-· __ ...... F.:.8.S1'10530 F6SM0540 

u~ ssu 
lSN ·OObQ ___ _ 

c 
ENTRY FwRCH IK X,Nl FBSMOSSO 

C • WRITES N dYT~S F~OM X ARRAY OhTU DATA SET CONTROLLED BY K. FBSM0560 
c 

25 
K c~~fHs.AHEe uc~-< st O.C.K. ....... tiD1E.S .. AHE1L£I.BS.LA.~.lLU.S..l ........ _____ .. . .. ~9-s~g~~g 

GO TO 2b FB~M0590 

ISN 0070 

ISN "i)071 ___ _ 

n~ &&li . E~TRY FRDCH IKLX,Nl FBSM0600 
• READS N BYTES F9DM X ARRA.L..Oh..liLD.A1.L.SE.l_l:.LJlll...lRQL.L.E1L..BLL __ .... . .. Ff86cS~ 00.bo 2100 C~ECKS AFTER EACt< BLUCK. NOTES A~TtR FIRST AND [AST. ~~ 

-···-···-·-_L •• 

IS"' 0074 
ISIII 0075 

. lSIL.OO.H. 

c 
K(KSTA) : 84 FBSM0b30 

2b lF(K(NSTA).~E.I .A~U. K(~STA).Nt.4 .AND. K(NSlA).NE.5) GO TO 9b0 FBSM0b40 
K C N E R H l 1: 0 ·-·----··-. ____ ·-·· ··- -· ···-- --·--·-------------··- . __ . E.& 5..'1..0 b 50 
KSKLl = o FBSMOo7o 

ISN 0078 
ISN 0079 
ISN 0080 
ISN 0081 
ISN 0082 
ISN 0083 
ISN oo8u 

K(NlOl • 0 FBSMObbO 
K~~ER ! a 0 F8SM0b80 

.... ·----- I_ a K_ECB ---···--··----------- ____ .. _ ... . .. -----··-·--·-··- ---··· . fB.S.MOb82 

. _15.N O..D..85 
lSN 0087 
ISN 008~ 

lsN ooql 
~- sn4-

IS,... 0095 
!SN 009&· 
u~ g-g~--
ISN 0100 
ISN 0102 
ISN OlO.Q .. 

KL8L~ : K(LBLK) . FBSMOb90 
DO 27 I:1 1 N 1 ~LBL~ FBSP10700 
il 1: MAXO (~E,MINO(KLBLK,N+t•l)) FBSM0710 
~I~o1~n 1~:~E ~ 7LY' fXct~·wfflt-fu9W,Klli-ti~ ~ i7i~~te~~ll.eL.K>~U~3t!5 

IF(K KSTA).E,t84) CALL ~READ (K(IE),K(KDCB~,X(l ,LL~ FBSM07l0 KJNi R) 111 K c~ 8RR) + LL . ' FBSII1R!~~ Bu c 3~ ·)~K~nt 1t~--·.Ati0.. . .L.LI.-!!~.KL.B.U<.LG.O .. TO 29 . ·--· - ----- ---- .. . . ~ftB~o i4 . 
CALL KCHEC~ CKC J),NER,lL) FBSMO UO 
K(NlOl : K(N!Ul + 1 FBSP107b0 
K~Kll~ = 6aKLLl t LL ~s~~z1g I (N • GT .) K ( KERC) m K(KEHC) ... ---100-**.NEif·- ... - -- ·----------- ---·----... ____ .. --·-· F-s-Sl1~78 

IFCNER-Gl 1 K(L£RC)/100) GO TO 970 FBSP10790 
F(K(K~RCJoGT.O) GO TO 28 FBSM0800 

ll.l CQNUNllf -------·-·-·-·· ----· -·--·--·-----·---------· _ ·----- FBSM0804 



ISN 0105 
.... : ISN 0106 

ISN 0107 
ISN 0108 
IS~ o1oq 
lSN. 011.0.--­
IS~ 0111 
ISN Ott 3 

. . 1 SN. O.U.4----

lSN 0115 
.. -lSN O[t1--· 
u~ &l!o 
ISN 01~1 
·m-·~tH------

ISN 015q 
lSN 0 t!O 
ISN Ol.bL ... -·-·-

c 
c c 

c 

Vl 
0 



1SN 
lS.N 
1SIII 
I Sill 
1SN 
ISN 

01o1 
O.lbJL. __ 
Otb'S 
Olbb 
Olb7 
Olb8 

JSN 01oq 
15111 0170 

ISN 0171 
IS~j Ot72 

ISN 0t71J 
SN 0175 

ISN 017o 
ISN 0178 
ISN, 01H 

ISN 018'0 

1SN 
ISN 
ISN 
ISN 
ISN 
1Sf'4 
I Sill 
IS'" 

IS"' 
lSN 
15111 
1SN 
15111 
I Sill 
ISN 
ISN 
ISN 
IS!'. 
ISN 
!Sill 
!Sill 
15111 
lSN 
ISfli 
ISN 
I Sill 

0181 
0182 
01&4 
0185 
018& 
0187 
0188 
o1qo 

0!91 

01q2 
0193 
o1q~ 
019b 
0197 
0198 
0199 
0200 
0201 
0.?01 
020'S 
0207 
0208 
020q 
0210 
g~u 

ISN 0213 

i SN 021'1 
SN 0215 

u~ s~u 
ISN 0218 

c 
Ell. TI.<Y F~KSI>C :1< N) 

C • • • BACKSPACES ~ ~L8CKS. 
C . . . ___ it.AR.t:t..ll.G __ ~ ~-- .L.tillH: S ... !kf. . USELESS A f H:. II . B A C !<. S P ~ C t 

t>b K(KSTA) : uu 
IF(K(NSTA) 1 Ll.4 .OR. K(NSTAl.GT.5) GO TO q~o 
K(KERB) : u 

··-- · g~ct" ~< ~ ~.\4\-fKot"!f> ; ~~ un 
bU I<(KE~H) : ·1<(1<1::~6) + IllER 

IFCI<(KE~~).Gl~O) GO TO 970 
C ..... G.CL .. 10.. ...91_8______ _ _ ... .... ... . . 

C • • :~~~~~~w~~~S~~A~~~~~~~ HLOCKS. 

.... H- H1~Hh:,-;~;-··;"A~o~-t<(NstA).NE.u 
K(KLL) : 0 
K(!(Eil~l : 0 

·······-··fute.~~~~g~·c~f1~~lEl~-~~~2;rl·~v, 12 , 
K(KL~) a K(KLL) + ~L 

... ____ l.ECN_R.Gl .. O.LK..(K.ER .. L.!!. 1\{!'.f.RFl. + tOO**~EQ 
. IFCNEA~GTrKCLEIIC)/100) GO TO 97n 

IF(K(KtRFJ.GT.O) GO TU 77 
B IE : IE + 5 
·-· _L = --~·-··-···-··-·---7'1 I< (NlO) a I 

K(NOTEt) : I<(~QTE2) . 
. CALL K~OTE (K(KDCB),K(NOTE2)) 

..... 1..5....GCLT.1L.'!ao ____ ·---··· -·. -·- . . .. . . .. c 
c 

ENTin H<Etoi (1<·, 
• • • RtPOSlTlONS.OATA SET COIIITROLLtD 

· B-·Wot ~ i > = =-1~rr;o TE2T -
K(IIIOTE2) : 255 

au LL = tllu 
. _. _G.D.._lO_ 8..lL_. ___ -·--· ·-·-- _. 

BY I< AT ~tGINIIIlNG OF DATA 

·-



IS~ 02U 
·····-

lSN 0220 
ISN 02H 
lSN 02 
ISN 0224 
ISN 022b . 
!Sill 0227 
IS~~< 0229 

lSN 0230 

ISN 0231 
ISN 0212. 
lSN 0234 
ISN 02~e 
ISN 02 7 
1 S!'i 0238 

UN 0~39 N 0 40 
JSN 0214~ SN 02'1 
ISN 02'13 
ISN l\2'111 

p~~ 0~45 
SN 0 "" ISN 02"7 

IS-. 02'18 
1 s .... 024q 
ISN 02')0 

II., K(KSTAI;;; (" -··--·------·-·--··-· 

TO qfJO 

FBS~ 1 HO 
-·· _EASM.lllO 

FbS"l1950 

..... ______ [:All KI[:l!!!il (I!{KDCHJ 1 

UPERAT!ON ~AS FBS~1952 
F6SM195'1 
FBSM19b0 
FBS~'~1970 
FBSM1CI80 
FBSM1990 
F8SM2000 
FBSM2006 

c . __ c ____ _ E..rli..JB.Y_ Eo I SP ( K ) -·-- ... _ -· ..... . . -·-· ... _ .. ·-··- . _ __ ··- .. ----··· ·--~- -·-
• CLOSES 1/U ON DATA SET CONTROLLED BY K, A~D PISPOSES OF DATA 

ACCORDING TO OISP PARAI'I~TER ON 00 CARD. c 
ql I((I<SU> • b 
00 ~~~~~~~l:J;~~:t> .t~o-:~nhAT:Cr~-uY-Gu .. _to -qb·n .. 

CAL~ ~C~OSt CKCKuCB),128) . 
92 K(2) : KLUS 

---c:--- Gtl to gao 

960 KKSTA a K(KSTA) + lOOO•KC~STA) 
GO TO q74 

.970 Kt<STA : i<(KSTA) -·--·---· .. . _ .... . ........ --· ...... . 
q7LI K~IMK : MiNO(lOOO,K(Lli'IK)) . 

w~ITE (N0U,972)~KSTA (K(l)tl=lt2),(K(1),I:t,K~IMK) 
q72 FUR>1AT C '0* * * f.RI<OR I~ fURTRA"l • BSAM J.>A·C'<AGE. CODE='• I20 

~ ~ 
2

( Q~g~~lE)=)·-'~)2/lll,_ ' .... ILA!!RH . .f.ClT. .'!'.~ •'..II 

·cALL ERHTRA 
978 ~(NOT~l) a •10 

·-···qs-of~~~H~ 1 = 11 M0!tKC~<sHi~·To1- .. 
990 ~ETU"N 

E. NO 

FBS~"·2010 
f65M2020 

. FBSM2030 
SETFBS1"20110 

FBS1"2050 
.F8Sii!20b0 
F8S,.i2070 
F8SM2080 
FBS'-12090 
KBSM209!i 

.. Ft!S11.2100 
FBSM2110 
F85"'2120 
FBSM2130 
.F8SM21110 
FBS'121SO 
FBS"121e0 

/ 1 Ft!SM2170 
FBSMcl80 
FBS1'12190 
FRS"12200 
FBSM2204 
fBSM220b 
Fl:lSM2210 
Fi:lSM2c?20 
Fi:lSI'!2230 

•OPTIONS 1 N. EFFE'C'r*- NA!w!Ea MAIN, OPT=OO, L iNE.-CiiiTa.6()-, sftE:oooifi< ~-- --· 
•OP.TIONS IN EFFECT* SOURCE,EBCOIC,NOLIST,NOOECK,LOAO,NO~AP,N0€0IT,IO,IIIOXREF 

•STATISTICS* SliURCE- STATEMENTS :--·--z-a-q-·-;~UGRAM. SiZE : q312 

*STATISTICS* NO OlAGNUSTICS G~NERAT~O 

****** END OF. ·cciP4PlLATION. ****** -lfSICAYT"£5 ·uF CORE NOT USED 

•STATISTICS• NO ·oiAG~OSTICS T~IS ST~P 

.,, 

VI 
N 



_, 

•,•-
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