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IDENTIFICATION: MAGNETIC TAPE READ-WRITE IA: (MTU-1) 
Subroutine 

AUTHOR: 

ACCEPTED: 
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To write one long line (256 sectors) of information on 
magnetic tape in a binary format using four characters 
for each word from memory, or to read information 
written in this same format from magn~tic tape. 

1. This program is written for use only with the MTU -1 
tape unit (Potter Models 3 280 or 910) for Ampex FR400. 

2. The output block size must be exactly 256 words 
(1024 characters). 

3. Information written on tape by this routine can 
always be read by the input section of the routine; how
ever, information written by some other device or 
program should be controlled and checked carefully to 
ensure that when read by this program, the input rate 
does not exceed 2600 characters I second. 

Two long lines are needed for the subroutine. Line A 
contains the entire output section of the routine and 
part of the input. Line B contains the major portion of 
the input section, which occupies all but 16 sectors of 
the line; sector 004 and each successive 16th sector 
after 004 are vacant. 

The following sectors of line A are available: 001, 022, 
033, 035, 043-44 046-47, 053, 055 066-70, 072-76, 
112, 123-24, 135, 146, 170, 172-76, 212, 223-24, 231-33, 
235, 252, 255-56, 266-70, 272-74, 301, 314,323, 327, 
331, 335, 342-46, 350, 361, 371, 374. 

Line 04 is used to hold the information before output and 
after input. Lines 00 and 17 are used for temporary 
storage during both input and output. 
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The output rate is approximately 1300 characters /second, 
whereas the input section of the routine will handle infor -
rn.ation at a rate up to 2600 characters /second. 

The output routine writes four characters {one full word) 
on the tape during each memory recirculation. Since 
each record of information on tape has 256 words, it 
requires 786. 5 ms to write this information, plus 75 ms 
to form a gap on the tape;. The total time required to 
move each record of information is about 862 ms. 

The time for input is essentially the same as output 
except for any time saved by not having to wait for the 
entire gap to pass the read head. 

1. Writing 
fuorder to output on magnetic tape, it is first nec

essary to move line A, which contains the write section 
of the subroutine, to its proper comm.and line. The write 
section does not require line B of the program. for its 
operation. 

The long line to be written on tape must be relocated 
to line 04 and the C register must be loaded with a return 
comm.and. Control should then be transferred to line A 
sector 142 of the subroutine. When the contents of line 
04 have been written on the tape, control will be returned 
to the user's program. by execution of the return comm.and. 
At the time of return, the contents of lines 00, 04 and 1 7, 
will have been destroyed. 

2. Reading 
The input operation of the subroutine requires both 

lines A and B of the program.. After positioning lines A 
and B, line 04 should be cleared of any pertinent informa
tion, since the read routine will load this line with the 
block of information from the tape. 

3. Spacing 
This operation requires only line A and will space 

the tape forward or backward any number of blocks with
out reading these blocks. The calling sequence is to load 
C with a return comm.and, load A with the number of 
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blocks to space, a "l" or a "O" will cause only one 
block to be spaced, and transfer to sector 103 line A 
for reverse and sector 203 line A for forward. 

4. Testing 
The subroutine has several small routines in it for 

testing the operation of the tape unit under manual con
trol. There is a routine which begins with a HLT in 
sector 242 of li~e A which will cause line A to be trans
ferred to line 04 and then written on tape. It will do 
this continuously until the BREAKPOINT switch is 
depressed. 

There is also a routine beginning at 303 line A 
which will read one block after another until the BREAK
POINT switch is depressed. If jump line 00 is false, 
this will cause the program to hang up between blocks. 
One additional routine with two entrances will space the 
tape forward or backward until the BREAKPOINT switch 
is depressed. The entrances are sector 114 of line A 
for reverse and sector 214 of line A for forward. 

5. Selection of Tape Unit 
This subroutine was written to control tape unit 

No. 1, however, this may be changed by replacing 
certain PTU connnands in line A. These are the START 
commands in sectors 012 and 142, which presently refer 
to line 21) 8 for unit No. 1. For units 2 through 6, line 
numbers 22) 8 through 26) 8 , respectively, should be used. 

1. Output 
The tape is first started and allowed to run for 75 ms 

in order to provide a gap. During the 75 ms, line 17 is 
filled with the first 16-word block from line 04 by means 
of the DUMP process. After the 75 ms has elapsed, the 
first word is picked up from line 17 with an IAM connnand. 
This word is written on the tape as four characters, the 
first character consisting of four bits and the next three 
each consisting of six bits. A.parity bit is not generated, 
so a "one" bit is always written in the seventh position. 
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After writing the fourth character, the next word is 
picked up from line 17 and the process continues. After 
writing the third character of the 15th word, the DUMP 
process is initiated at such a time that the 16th word is 
moved from line 1 7 to line 00 without disturbing the 
commands previously stored in line 00. The last char
acter of the 15th word is written and the last word is 
picked up from line 00. ,While this last word is being 
written, line 1 7 is filling with the next 16 -word block 
from line 04. 

When the third character of the 15th word in the last 
block has been written, the overflow indicator will be 
turned on. Then, after the first three characters of the 
last word have been output, the overflow is tested. Since 
overflow is on, A DIU command is executed to reset 
Rf Tf. This condition can then be sensed by a TES 
command with a line address of 36) 8 . As part of the 
initializing steps, an RFU was given to set Rf Tf. When 
the last character has been output, Rf Tf is tested, the 
tape handler is stopped, and control exists from the 
subroutine by means of the return command. 

2. Input 
For input, the characters from the tape are assem

bled into words in the A register, with the B register 
used for indicating the end of a word and the C register 
used the the end of a block of 16 words. To begin, the 
B and C registers are loaded with their respective 
counters and the tape started. In order to determine 
the start of information on the tape, part of the program 
in line A tests for an input signal every 16 sectors. When 
a signal is detected control goes to line B where a cyclic 
program loads the characters into the A register and 
tests the sign of the B register to determine if the word 
is complete. If the word is not complete, the contents 
of the A and B registers are shifted left six bit positions 
to allow for the next character, and the program waits 
in a cyclic loop for the next clock signal. When the word 
is complete, it is stored in line 00 with an IAM command 
and the word counter is again loaded in the B register. 
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After loading the third character of the 15th word, the 
C register will go negative and a DUMP will be set up. 
When the next IAM is performed, to place the last word 
in line 00, the DUMP will be executed, and lint.! 00 will 
go to line 1 7 and then to line 04. 

If, at the beginning of a machine memory circula
tion, no pulse ~s detected from the tape, control is 
transferred to line A, where the signal from the tape 
handler, indicating the gap, is tested. If the signal is 
not pre sent, control returns to line B; however, if the 
test indicates the presence of the gap, the tape unit is 
stopped and control exits from the subroutine. 

- 5 -
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PROBLEM Magnetic Tape Read-Write Subroutine IA (MTU -1) IDENT NUMBER 0103 B 

PAGE 1 OF 9 
PROGRAMMER A W EngJand DATE 18 Nov 61 

LOCATION INSTRUCTION IYlllOLIC 
llllEMAHI LOCATION OP ADDHll 

14202$ 002 1002; ENTER STC EXIT / 

33057021; PTU START 

:33002$ 13157020; PTU WRITE 

13102$ 13250402; LDC 
' 

-7777777 OCT 

14456400; woe RESET Initialize 

14402$ 145 7006; PTU DUMP 

14752500; IAM 

14702$ 150 4304; CLB 

000 1237; STB I. R. 

000 5304; RFU 

15450402; LDC 

15402$ +0011320 OCT 
Write half of the gap 

367 3402; ..----1 TCN ~ 

15552100; LSD LJ 
36702$ 37250402; ~ LDC 

37202$ -0000072 OCT 

37757502; TOF 

37702$ 02052517; IAM 

02002$ 02150301; ROT 

02302$ 02450201; IBC 

02502$ 0325211 O; SLT 4 

03202$ 03351000; STC OUT 

03402$ 03550201; IBC 

0360~ 041543011 CLB 

_Q_42_Q_~ 045521101 SLT 2 Pre_Eare 1st character 
PICC 176A 

I 
~ 
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PROBLEM Magnetic Tape Read-Write Subroutine IA (MTU -1} IDENT NUMBER 0 103 B 

PROGRAMMER A W England 

LOCATION INSTRUCTION SYMBOLIC 
LOCATIOI OP 

04502$ 05051602; DPA 

05002$ 10253702; TRU 

07556200; 
woe 

05452500; !AM 

05402$ 05551200; 
STB 

05602$ 06050302; 
ROT 

06202$ 07054502; eLA 

07102$ 07353700; TRU 

10202* 11152110; SLT 

l 1102$ 11251200; STB 

11302$ 12154303; eLB 

12202$ 12552110; SLT 

12502:i 12651602; DPA 

20253702; 
[TRU 

17556200; woe 

13351100; STA 

13402$ 13551200; STB 

13602$ 15250600; LDB 

15302$ 17054504; 
eLA 

17102$ 17353700; TRU 

20202$ 21152110; SLT 

21102$ 21251200; STB. 

21302$ 22154305; eLB 

22202$ 22552110; SLT 

PICC 176A 

ADDRll8 

OUT 

RET 

OUT 

6 

TEMP 

2 

OUT 

RET 

TEMP 

OUT 

6 

TEMP 

2 

' 
i 

PAGE 

DATE 

RIMAllCI 

1st char. 

2 OF 9 
18 Nov 61 

Prepare 2nd char. 

2nd char. 

I 
I 
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PROBLEM Magnetic Tape Read-Write Subroutine IA (MTU -1) IDENT NUMBER 0 10 3 B 
PA&E 3 OF 9 

PROGRAMMER A W England .. . DATE 18Nov61 

LOCATION IN IT RUCTION IYMIOLIC 
RIEMAHI LOCATIOI OP ADDHll 

22502$ 22651602; DPA 

27753702; . TRU Prepard 3rd char. 

27556200; woe 

23351100; STA OUT 

23402$ 23551200; STB RET 

23602$ 25250600;. LDB TEMP 

25302$ 27054506; eLA 

27102$ 27353700; TRU OUT 3rd char. 

27702$ 31052110; SLT 8 

31002$ 31151402; ADD 
Prepare 4th char. 

375S.Jia00; woe 

31351100; STA OUT 

31402$ 322 7502; TOF LAST 

332 3402; TeN NORM 

32453702; TRU DUMP 

32202$ 32355007; LAST DIU 

32402$ 32550502; DUMP LDA 

01453702; TRU Set DUMP 

34757006; PTU DUMP 

33202$ 33350502; NORM LDA 

37753702; TRU 
Set RETURN for normal case 

33551100;" STA RET 

33602$ 36754307; eLB 

PtCC 176A 

I 
i 
i 

I 
I 
I 
I q 

I 
I 

I 
I 
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PROBLEM Magnetic Tape Read-Write Subroutine IA (MTU -1) IDENT NUMBER 0 10 3 B 
PAGE 4 OF 9 

PROGRAMMER A W En12:land DATE 18 Nov 61 

LOCATION INSTRUCTION IYMIOLIC 
ltSMAHI LOCATION 0, ADDHH 

34702$ 35054310; CLB 

35102$ 35250402; LDC 

-0000077 
OCT 

35551100; STA 

35602$ 36052500; IAM WD. 16 
Increment block 

36002$ 36150537; LDA I. R. 
Count & set RETURN for 

36202$ 36351402; 
ADD $ + 1 DUMP case 

+0000002 OCT 

36555602; CAM $ + 1 

-7076140 OCT 
I 

36751137; STA I. R. 

37002$ 37353700; TRU OUT 4th char. 

01402$ 250 7736; TES DONE 

01750500; 
LDA WD. 16 

25002$ 25456400; DONE woe RESET 

25402$ 26350402; 
LDC -.....--- ""'. 

26202$ 26452100; 
~ LSD 1 Write half of the gap 

-0000013 OCT 

262 3402; 
~ TCN 

00257017; 
PTU STOP Exit 

PICC 176A 

I 

l 
! 

'· 
~ 
! 
I 
I 

I 
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PROBLEM Magnetic Tape Read-Write Subroutine IIA (MTU-1} IDENT NUMBER 0103.B 
PAGE 5 OF 9 

PROGRAMMER A. W. England DATE 18 Nov 61 

LOCATION INSTRUCTION IYlllOLIC 
ISMAlll LOCATIOll OP ADDHll 

00502$ 200 7021; READ PTU START 

002 1002; . STC EXIT 

012 0402; LDC 

013 0602; LDB 
; Initialize 

06350502; LDA 

-0000423 OCT 

+0000010 OCT 

01602$ 021 7733; .----I TES CLOCK 
Test for 1st clock 

03753702; TRU 
Repeats 16 times 

02102$ 02353703; ~ TRU 

03702$ 041 7733; -TES CLOCK 
~ 

05753702; TRU 

04353703; TRU 

05702$ 061 7733; TES CLOCK 

07753702; TRU 

06353703; TRU 

07702$ 101 7733; TES CLOCK 

11753702; . TRU 

10353703; TRU 

11702$ 121 7733; TES CLOCK 

13753702; TRU 

12353703; TRU 

13702$ 141 7733; TES CLOCK 

15753702; TRU 

14353703,;_ TRU 

PICC 176A 

I 
t 
' i 
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PROBLEM Magnetic Tape Read-Write Subroutine IA (MTU-1) IDENT NUMBER 0 10 3 .B 

PAGE 6 OF 9 
PROGRAMMER A. W. England DATE 18 Nov 61 

LOCATION INSTRUCTION SYMBOLIC ., ..... 
LOCATION OP ADDRHI 

15702$ 161 7733; TES CLOCK 

17753702; TRU 

16353703; TRU 

. 17702$ 201 7733; TES CLOCK 

21753702; TRU 

20353703; TRU 

21702$ 221 7733; TES CLOCK 

23753702; TRU 

22353703; TRU 

23702$ 241 7733; TES CLOCK 

25753702; TRU 

24353703; TRU 

25702$ 261 7733; TES CLOCK 

27553702; TRU 

26353703; TRU 

27502$ 300 7733; TES CLOCK 

31753702; TRU 

30002$ 30353703; TRU 

31702$ 321 7733; TES CLOCK 

33753702; TRU 

32353703; TRU 

33702$ 341 7733; TES CLOCK 

35453702; TRU 

34353703; TRU 

PICC 176A 

I 
' I 
' i 
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PROBLEM Magnetic Tape Read- Write Subroutine IB (MTU -1) IDENT NUMBER 0 10 3 :S 

PAGE 7 OF 9 

PROGRAMMER A W Ene-land DATE 18 Nov 61 

LOCATION INITltUCTtON IYMIOLIC lllMAIKI LOCATION 0, ADDltlll 

35402$ 357 7733; 
TES CLOCK 

37553702;. 
TRU 

35702$ 36353703; TRU 

37502$ 000 7733; TES CLOCK• 
I 

01653702; TRU 

00002$ 00353703; TRU 

00302$ 024 7732; TES GAP 
Test for GAP 

02053703; TRU 

02402$ 02750402; r--- LDC 

02602$ 03052100; ~ LSD ~ 
Wait half the GAP time 

-0000007 OCT 
before stopping 

026 3402; ~ TCN .-
00257017; PTU STOP 

06302$ 02750402; LDC 

024 1102; STA Initialize cont. 

07655702; GIB 

PICC 176A 
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PROBLEM Magnetic Tape Read-Write Subroutine I (MTU-1} IDENT NUMBER 0 103 B 

PAGE 8 OF 9 

PROGRAMMER A W England DATE 18 Nov 61 

LOCATION INITRUCTIOll IYMIOLIC 
llKMAHI LOCATION 0, ADDHH 

24202$ 24450027; HLT 

251 7735;. TBP 

24557104; START MCL 04 

24650402; LDC i Write continuous 

24353702; TRU 

14253702; TRU 

25102$ 00053701; TRU O.U.P. 

30202$ 251 7735; BEGIN TBP 

30450402; LDC 

30653702; TRU 
Read continuous 

00553702; TRU 

302 7700; TES 00 

30653702; TRU 

PICC 176A 

)'I 
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PROBLEM Magnetic Tape Read-Write Subroutine l (MTU -ll IDENT NUMBER 0 103 B 

PAIE 9 OF 9 
PROGRAMMER A W England DATE 18 Nov 61 

LOCATION IMITRUCTION SYlllOLIC 
RIMAatcl LOCATION OP ADDRIH 

10302$ 104 7011; START PTU REV. 

002 1002; STC EXIT 

132 1402; ADD - 1 

204 1102; STA TALLY ; Set up space routine 

210 0502; LDA 

06354303; CLB 

20302$ 10457021; START PTU FWD. 

+0000000 TALLY STG 

132 1402; ADD - 1 

063 3502; TAN Count blocks 

10653702; TRU 

20450502; LDA TALLY 

11402$ 11550502; !AUTO. R LDA 

10353702; TRU 

16251102; STA 

21402$ 21559502; ~UTO.F LDA 

20353702; TRU 

16251102; ~TA Test routine for space 

16302$ 16450402; • LDC 

16653702; TRU 

16154504; CLA 

251 7735; . fr BP 

16353702; TRU 

PICC 176A 



RAYTHEON COMPUTER 
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STORAGE: 
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MAGNETIC TAPE READ-WRITE IA: (MTU-1) 
Subroutine 

To write one long line (256 sectors) of information on 
magnetic tape in a binary format using four characters 
for each word from memory, or to read information 
written in this same format from magnetic tape. 

l. This program is written for use only with the MTU -1 
tape unit (Potter Models 3 280 or 910) for Ampex FR400. 

2. The output block size must be exactly 256 words 
(1024 characters). 

3. Information written on tape by this routine can 
always be read by the input section of the routine; how
ever, information written by some other device or 
program should be controlled and checked carefully to 
ensure that when read by this program, the input rate 
does not exceed 2600 characters /second. 

Two long lines are needed for the subroutine. Line A 
contains the entire output section of the routine and 
part of the input. Line B contains the major portion of 
the input section, which occupies all but 16 sectors of 
the line; sector 004 and each successive 16th sector 
after 004 are vacant. 

The following sectors of line A are available: 001, 022, 
033, 035, 043-44 046-47, 053, 055 066-70, 072-76, 
112, 123-24, 135, 146, 170, 172-76, 212, 223-24, 231-33, 
235, 252, 255-56, 266-70, 272-74, 301, 314,323, 327, 
331, 335, 342-46, 350, 361, 371, 374. 

Line 04 is used to hold the information before output and 
after' input. Lines 00 and 1 7 are used for temporary 
storage during both input and output. 
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The output rate is approximately 1300 characters I second. 
whereas the input section of the routine will handle infor -
mation at a rate up to 2600 characters /second. 

The output routine writes four characters (one full word) 
on the tape during each memory recirculation. Since 
each record of information on tape has 256 words, it 
requires 786. 5 ms ,to write this information, plus 75 ms 
to form a gap on the tape. The total time required to 
move each record of information is about 862 ms. 

The time for input is essentially the same as output 
except for any time saved by not having to wait for the 
entire gap to pass the read head. 

1. Writing 
fuorder to output on magnetic tape, it is first nec

essary to move line A which contains the write section 
of the subroutine, to its proper command line. The write 
section does not require line B of the program for its 
operation. 

The long line to be written on tape must be relocated 
to line 04 and the C register must be loaded with a return 
command. Control should then be transferred to line A 
sector 142 of the subroutine. When the contents of line 
04 have been written on the tape, control will be returned 
to the user's program by execution of the return command. 
At the time of return, the contents of lines 00. 04 and 1 7, 
will have been destroyed. 

2. Reading 
The input operation of the subroutine requires both 

lines A and B of the program. After positioning lines A 
and B, line 04 should be cleared of any pertinent informa
tion, since the read routine will load this line with the 
block of information from the tape. 

3. Spacing 
This operation requires only line A and will space 

the tape forward or backward any number of blocks with
out reading these blocks. The calling sequence is to load 
C with a return command, load A with the number of 
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blocks to space, a "l" or a "O" will cause only one 
block to be spaced, and transfer to sector 103 line A 
for reverse and sector 203 line A for forward. 

4. Testing 
The subroutine has several small routines in it for 

testing the operation of the tape unit under manual con
trol. There is a routine which begins with a HLT in 
sector 242 of li~e A which will cause line A to be trans
ferred to line 04 and then written on tape. It will do 
this continuously until the BREAKPOINT switch is 
depressed. 

There is also a routine beginning at 303 line A 
which will read one block after another until the BREAK
POINT switch is depressed. If jump line 00 is false, 
this will cause the program to hang up between blocks. 
One additional routine with two entrances will space the 
tape forward or backward until the BREAKPOINT switch 
is depressed. The entrances are sector 114 of line A 
for reverse and sector 214 of line A for forward. 

5. Selection of Tape Unit 
This subroutine was written to control tape unit 

No. 1, however, this may be changed by replacing 
certain PTU connnands in line A. These are the START 
commands in sectors 012 and 142, which presently refer 
to line 21) 8 for unit No. 1. For units 2 through 6, line 
numbers 22) 8 through 26) 8 , respectively, should be used. 

1. Output 
The tape is first started and allowed to run for 75 ms 

in order to provide a gap. During the 75 ms, line 17 is 
filled with the first 16-word block from line 04 by means 
of the DUMP process. After the 75 ms has elapsed, the 
first word is picked up from line 17 with an IAM command. 
This word is written on the tape as four characters, the 
first character consisting of four bits and the next three 
each consisting of six bits. A.parity bit is not generated, 
so a "one" bit is always written in the seventh position. 
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After writing the fourth character, the next word is 
picked up from line 17 and the process continues. After 
writing the third character of the 15th word, the DUMP 
process is initiated at such a time that the 16th word is 
moved from line 17 to line 00 without disturbing the 
commands previously stored in line 00. The last char
acter of the 15th word is written and the. last word is 
picked up from line 00. •While this last word is being 
written, line 1 7 is filling with the next 16 -word block 
from line 04. 

When the third character of the 15th word in the last 
block has been written, the overflow indicator will be 
turned on. Then, after the first three characters of the 
last word have been output, the overflow is tested. Since 
overflow is on, A DIU command is executed to reset 
Rf Tf. This condition can then be sensed by a T·Es 
command with a line address of 36)8 . As part of the 
initializing steps, an RFU was given to set Rf Tf. When 
the last character has been output, Rf Tf is tested, the 
tape handler is stopped, and control exists from the 
subroutine by means of the return command. 

2. Input 
For input, the characters from the tape are assem

bled into words in the A register, with the B register 
used for indicating the end of a word and the C register 
used the the end of a block of 16 words. To begin, the 
B and C registers are loaded with their respective 
counters and the tape started. In order to determine 
the start of information on the tape, part of the program 
in line A tests for an input signal every 16 sectors. When 
a signal is detected control goes to line B where a cyclic 
program loads the characters into the A register and 
tests the sign of the B register to determine if the word 
is complete. If the word is not complete, the contents 
of the A and B registers are shifted left six bit positions 
to allow for the next character, and the program waits 
in a cyclic loop for the next clock signal. When the word 
is complete, it is stored in line 00 with an !AM command 
and the word counter is again loaded in the B register. 
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METHOD (cont.): 

Catalog Number 0103B 

After loading the third character of the 15th word, the 
C register will go negative and a DUMP will be set up. 
When the next IAM is performed, to place the last word 
in line 00, the DUMP will be executed, and lin1.! 00 will 
go to line I 7 and then to line 04. 

If, at the beginning of a machine memory circula
tion, no pulse is detected from the tape, control is 
transferred to line A, where the signal from the tape 
handler, indicating the gap, is tested. If the signal is 
not pre sent, control returns to line B; however, if the 
test indicates the presence of the gap, the tape unit is 
stopped and control exits from the subroutine. 
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