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SECTION I 
I NTRODUCTI ON 

1-1. PROGRAMI SUMMARY 

1-2. The ND4410 Low/High Speed Paper Tape I/O Overlay Program (41-1062) is 
written for use with the ND4410 Single Parameter Data Acquisition and Display System. 
The program is an overlay for the ND441 0 BOlsic Physics Analyzer Program (41-1060), 
containing pushbutt'on control routines for totalize and print. Also included are keyboard 
entry routines for sirore and write/read data to/from binary formatted paper tape via 
either a low speed or high speed punch/readier. 

1-3. PROGRAMI AREA 

1-4. The program occupies memory core locations,0,3,0,01 S through ,0, 3777
S

• 

1-5. STARTING ADDRESS 

1-6. The startin~, address of the program is ,0,,02,0,0S. 

1-7. EQUIPMENT CONFIGURATION 

l-S. MINIMUM EQUIPMENT 

1-9. The minimum equipment required for proper operation of this system is: 

a. An ADC. 

b. The ND4410 Function Control M()d'Jle. 

c. A displtJY oscilloscope. 

d. The 4K, NDS12 Computer. 
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e. A 33ASR Teletype. 

1-10. The program will operate with either a 4K, 8K, 12K or 16K ND812 memory 
configuration, providing maximum data storage configuration of 1 K, 3K, 5K or 7K 
(24 bits, respectively). 

1-11. OPTIONAL EQUIPMENT 

1-12. The optional equipment allowed to be used with this program is: 

a. A high speed paper tape punch. 

b. A high speed paper tape reader. 
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SECTION II 
PROGRAM DESCRIPTION 

2-1. INTRODUCTION 

2-2. This secticln is intended to be read irn conjunction with the flow charts outlined 
in Section VII. 

2-3. The ND4410 Low/High Speed Paper Tape I/O Overlay Program (41-1062) 
consists of hardware and software entry subroutines to the ND4410 Basic Physics Analyzer 
Program (41-1060). The hardware entry subroutines control the TOTAL and PRINT 
pushbuttons of the NDM10 Function Control Module. The software entry subroutines 
provide control for store and write/read to/from binary formatted paper tape via either 
the low speed or high speed punch/reader. 

2-4. HARDWARE ENTRY SUBROUTINES 

2-5. TOTAL PUSHBUTTON SUBROUTINE 

2-6. The TOTAL pushbutton subroutine (Figure 7-1) prints the current group number and 
the channel locati ons of the left and right markers; sums the counts stored in the channel s 
between the markE~rs; prints the total; calculates the background and subtracts it from 
the total; and then prints the net total (total minus background). The formula for calculation 
of the background is as follows: 

where BG = Background 
C 1 = Counts in left marker channel 
C2 = Counts in right marker channel 
N = Number of channel s between the markers 
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2-7. PRINT PUSHBUTTON SUBROUTINE 

2-8. The PRINT pushbutton subroutine (Figure 7-2) prints the current group number, the 
channel I ocati ons of the left and right marker, and the content of each channel between 
the markers with channel identificati on for the first and every eighth channel thereafter. 

2-9. SOFTWARE ENTRY SUBROUTINES 

2-10. STORE SUBROUTINE 

2-11. The store subroutine (Figure 7-3) permits specifying the marker defined channels 
of any group for storing the result of an arithmetic expression of up to three terms connected 
by anyone of the arithmetic operations: + (add), - (subtract), * (multiply) or / (divide). 
The three terms can be any three groups, any three literal numbers, or any combination 
thereof. 

2-12. The store subrouti ne is executed as foil ows: 

a. Branch to select limits subroutine to select the group for storage of the result 
(and up to three terms), and the ari thmeti c operators connecting them. 

b. Branch to the Get value subroutine to select the first channel specified. 

c. Combine the terms of the arithmetic expression according to the convention 
of matrix algebra. 

d. Branch to the Put value subroutine to store the result in the first channel 
specifi ed. 

e. Repeat steps b, c and d for each specified channel. 

f. Return. 

2-13. SELECT LIMITS SUBROUTINE. The Select Limits subroutine (Figure 7-4) selects 
the group for storage of the result of the arithmetic expression, the marker channels of 
the group(s) on which the arithmetic operations are to be performed, and the terms of the 
arithmetic expression and the operators connecting them. A term (up to three may be 
specified) can be any valid group or literal number from 1 to 8,388,607. The arithmetic 
operators can be either + (add), - (subtract), * (multiply) or / (divide). 

2-14. GET VALUE SUBROUTINE. The Get Value subroutine (Figure 7-5) selects the 
group and channel numbers, combines them to form a memory address, and then puts the 
contents of the selected address into the Integer Accumulator and J and K Registers. 
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2-15. PUT VALUE SUBROUTI NE. The Put Value subroutine (Figure 7-6) selects the 
group and channel numbers, combines them to form a memory address, and then stores 
the contents of the Integer Accumulator in the selected address. 

2-16. WRITE SUBROUTINE 

2-17. The Write subroutine (Figure 7-7) prints the current group number and the channel 
locations of the leH and right markers; punches the number of channels in the marker area; 
selects the group and first channel number, combines them to form a memory address, and 
puts the contents of the selected address into the Integer Accumulator and J and K 
Registers; and then punches the contents in brnary format on paper tape. The subroutine 
then checks for the last channel. If it is not the last channel, the next channel is selected 
and its contents are punched. After the last channel is punched, the subroutine punches 
the check sum and returns. 

2-18. READ SUBR10UTINE 

2-19. The Read subroutine (Figure 7-8) prints the current group number and the channels 
location of the left and right markers, reads the number of channels to be read in from 
the paper tape and then checks if the number is greater than the number of channels in 
the marker area. If the number is greater, the subroutine branches to the Error subroutine 
(41-1060) to print cln error message. If the number is less than or equal to the number of 
channels in the marker area, the subroutine reads the first data word from the paper tape, 
selects the group and first channel number, combines them to form a memory address, 
and then adds the data read in to the contents of the address. The subroutine then checks 
for the last channel. If it is not the lost channel, the next data word is read from paper 
tape and it is added to the contents of the next channel. After the last data word is 
read, the subroutine;} checks for a zero check sum. If the check sum is not equal to zero, 
the subroutine bran4::hes to the Error subroutine (41-1060) to print an error message. If 
the check sum is equal to zero, the subroutine returns. 





SECTION III 
OPERATIONAL PROCEDURE 

3-1. INITIALIZATION PROCEDURE 

3-2. The following is a step-by-step procedure for loading and initializing the 
ND4410 Low/High Speed Paper Tape I/O Overlay Program (41-1062): 

NOTE 

Prior to performing the following procedure, load and initialize 
the ND4410 Basic Physics Analyzer Program (41-1060) as described 
in the ND4410 Single Parameter Physics Analyzer Software 
Instructi onJ\Aanual (lM41-1 060). 

a. Depress the STOP key at the ND8:12 Computer. 

b. Place the START/FREE/STOP switch at the teletype in the FREE position. 

c. Load thE~ ND441 0 Low/High Speed Paper Tape I/O Overlay Program 
(41-1062) Tape intcl the teletype reader with the leader (8-level punches) over the read 
head. 

d. Set the START/FREE/STOP switch to START. 

e. Simultaneously depress the LOAD AR and NEXT WORD key at the ND812 
Computer. The teIE~type! read wi II step through the leader and read the program into 
the ND812 memoryo Upon completion of read-in, the reader will stop automatically. 
When the reader stops, check the J Register for zero. If non-zero, reload. 

NOTE 

Refer to the ND812 Binary Paper TapE~ and Cassette Loader Program 
(41-0005) for loading procedures usin!~ a high speed paper tape 
reader or mClgnetic tape cassette. 

f. Set the SWI TC H REG I STER swi tch~9s at starti ng address (.0,,02,0,08) and depress 
the LOAD AR key. 
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g. Depress the START key. The program wi II cause the teletype to perform 
a carriage return and I ine feed and type an asteri sk (*). 

h. When the teletype types an asteri sk (*), call up the desired routi ne from 
the monitor mode by depressing the appropriate pushbutton at the ND4410 Function 
Control Module or by typing the appropriate single letter mnemonic at the teletype 
keyboard. 
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SECTION IV 
OPERATOR OR USER CONTROL 

4-1. GENERAL INFORMATION 

4-2. The pushbutton selected (hardware entry) commands of the ND4410 Low/High 
Speed Paper Tape I/O Overlay Program (41-'1062) are executed by depressing the 
appropriate pushbutton at the ND4410 Function Control Module. The keyboard entry 
commands are executed by entering the apprc)priate single letter mnemonic at the teletype 
after an asterisk (*) has been typed by the program o In the following description, the 
porti on of the command to be typed at the tel etype keyboard is underl ined. All other 
information is provided by the program. 

4-3. HARDWAR:E ENTRY COMMANDS 

4-4. TOTAL PUSHBUTTON 

4-5. Depressing the TOTAL pushbutton prints the current group number and the channel 
locations of the left and right markers; totali:zes the counts stored in the channels between 
the left and right markers, subtracts the background from the total, and then prints the 
total and the net total (total minus background). The following is an example of the 
information printed when the TOTAL pushbutton is depressed. 

*GROUP 2 CH"~L 

*TOT AL = 10840 
NET TOTAL = 496b 

* 

210 - 242 

4-6. PRINT PUSHBUTTON 

4-7. Depressing the PRI NT pushbutton prints the current group number, the channel 
locations of the left and right markers, and the content of the channels between the 
markers with channel identification every ei!~hth channel. The following is an example 
of the information !printed when the PRI NT pushbutton is depressed. The first number in 
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each row represents the channel number every eighth channel, and the remaining eight 
numbers represent counts stored in each of eight channels. For example, channel 210 has 
171 counts, channel 211 has 188 counts, etc. 

*GROUP 2 CHNL 210 - 242 

210 171 188 215 229 239 242 246 299 
218 309 303 379 359 427 407 473 424 
226 477 456 463 469 483 404 398 379 
234 379 380 287 267 247 227 220 218 
242 186 

* 

4-8. The print routine can be termina-red at any time by depressing the RETURN pushbutton 
at the ND4410 Function Control Module. 

4-9. SOFTWARE ENTRY COMMANDS 

4-10. STORE COMMAND 

4-11. The following operation adds the content of the marker defined channels 
(32 to 64) in groups 1 and 2 together and stores the resul t in the marker defined channels 
(32 to 64) of group 2.. All data in the memory except the marker defined channels 
(32 to 64) of group 2 remains unchanged. 

*STORE I N GROUP: 2 (SPACE) CHNL 32 - 64 
RESULT OF: ~ROUP:-.!.:': ~ROUP ~ (RETURN) 

* 

4-12. The following operation adds 625 (125 multiplied by 5) to the content of each 
of the marker defined channels (32 to 64) in group 1 and stores the result in the marker 
defined channel s (32 to 64) of group 2. All data in memory except the marker defined 
channels (32 to 64) of group 2 remains unchanged. 

*STORE IN GROUP: 2 (SPACE) CHNL 32 - 64 
RESULT OF: 125 *: 5' +:GROUP 1 (RETURN) - -
* 

4-13. The Store Command permits specifying the marker defined channels of any group 
for storing the result of an arithmetic expression of up to 3 terms connected by anyone 
of the arithmetic operators: + (add), - (subtract), * (mul tiply), or / (divide). The 
three terms can be any 3 groups, any 3 literal numbers or any combinati on thereof. 
Depressing the RETURN key after any of the terms makes that term the last one and 
causes the routine to evaluate the arithmetic expression and store the result in the 
group specified. 
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4-14. The Store Command is specified by typing S after an asterisk (*) is typed. After 
S is typed, the rout"ine prints STORE IN GRC>UP: and waits for entry of the resultant 
group number. The resultant group can be any valid group number. Entry of the resultant 
group must be term inated by depressing the SrPAC E bar. When the SPAC E bar is depressed, 
the routine prints CHNL, the left marker channel, dash (-) and the right marker channel; 
performs a carriage retUirn and I ine feed, prints RESULT OF: and wai ts for entry of the 
first term. 

4-15. A group is specified as a term by typing G, whereupon the routine prints 
GROUP: and waits for input of a group numbc3r. Depressing the ALT MODE key causes 
the routine to echo the last group number entered and wait for entry of an arithmetic 
operator (+, -, * olr /). Otherwi se any val icl group number may be entered. Entry of 
a group or literal nlJmber must be terminated by typing one of the four arithmetic 
operators (+, -, * c>r /) or by depressing the RETURN key. If one of the four arithmetic 
operators is entered, thE~ routine will echo a colon (:) and wait for entry of the next 
term. If the RETURN key is depressed, the routine wi II perform the specified arithmetic 
operations and storE~ the result in the specified group. Upon completion of the store 
operation, the routirne performs a carriage return and line feed and types an asterisk (*). 

4-16. The specifiE~d arithmetic operations are evaluated from left to right according 
to the conventions I:>f Matrix Algebra, i. e., the content of each defined channel in 
a group is combined with the corresponding channel of the next group by the arithmetic 
operator connectin~, the groups, and the resul t is stored in the corresponding channel of 
the resultant group., Literal numbers are treated as scalers in that they are combined 
with the content of each defined channel in c] group according to the arithmetic 
operators connecting thE~m with the group. The store routine can be terminated at 
any time by depressing the RETURN pushbuttc)n at the ND4410 Functi on Control Modu Ie. 

4-17. WRITE CO"AMAND 

4-18. The following operation outputs the portion of the spectrum contained in the 
marker defined channels (64 to 128) of group 1 in binary format at either the high speed 
or low speed (telet>rpe) paper tape punch. 

*WRITE GROUP 1 CHNL 64 - 128 

* 

4-19. The Write Command prints the curren1" group number and the channel locations 
of the left and righjr markers at the teletype clnd then punches the following information 
at either the low speed (teletype) or high speed paper tape punch. 

a. Leader/trailer consisting of sprocket punches only. 

b" Three character (8 bits each) indicating the number of data channels in 
the marker defined area,. 

c. Data, 24 bits in binary format (3 characters, 8 bits each). 
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d. A check sum consisting of one 8 bit character. 

e. Leader/ tra i I er 0 

4-20. The low speed (teletype) punch is selected as the readout device for the Write 
Command by setting the SWI TCH REGI STER Switches at the ND812 Computer to non-zero. 
i.e., by setting anyone of the SWITCH REGISTER Switches to a "1" (up). The high 
speed punch is selected as the readout device for the Write Command by setting the 
SWITCH REGISTER switches at the ND812 Computer to zero, i.e., by setting all the 
SWITCH REGISTER switches to "..0 11 (down). 

NOTE 

Prior to performing the Write Command load the selected punch with 
paper tape. 

4-21. The Write Command is specified by typing W after an asterisk (*) is typed. After 
W is typed, the routine causes the teletype to print WRI TE GROUP, the current group number, 
CHNL, the left marker channel location, dash (-) and the right marker channel location and 
perform a carriage return and line feed, and then initiates the write operation. Upon 
completion of the write operation, the routine causes the teletype to type an asterisk (*). 

NOTE 

After the teletype performs the carriage return and I ine feed, turn 
on the selected punch. 

4-22. READ COMMAND 

4-23. The following operation reads a spectrum from binary formatted paper tape at 
either the low speed (teletype) or high speed reader and adds it to the portion of the 
spectrum contained in the marker defined channels (64 to 128) of group 1. 

*READ GROUP: 1 CHNL 64 - 128 

* 

4-24. The binary format of the paper tape must be the same as described for the 
Write Command and the number of channels to be read in must be less than or equal to 
the current number of channels between the markers. If the number of channels read in 
is less than the current number of channels in the between markers, only those channels 
which correspond to the channels read in will be altered. Attempting to read in more 
channels than there are in the current marker area will result in an error indication o 

Refer '~o Table 5-1 g 

4-25. The Read Command prints the current group number and the channel locations of 
the left and right markers at the teletype, and then reads the data from the binary formatted 
paper tape at either the low speed (teletype) or hi gh speed paper tape reader and adds it 
to the contents of the channels between the markers of the current group. 
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4-26. The low spe'ed (teletype) paper tape reader is selected as the read-in device for 
the Read Command by setting the SWI TCH RE.GI STER Switches at the ND812 Computer to 
non-zero, i.e., by setting anyone the SWITCH REGISTER switches to a "1" (up). The 
hi gh speed paper tCJpe reader is selected as the read in device for the Read Command by 
setting the SWI TCH REGI STER switches to zero, i.e., by setting all the SWITCH REGI STER 
switches to ",0" (down). 

NOTE 

Prior to performing the Read Command, place the paper tape in the 
selected reClder with the leader over "the read head. 

4-27. The Read Clommand is specified by typing R after an asterisk (*) is typed. After 
R is typed, the routine causes the teletype to print READ GROUP, the current group 
number, CHNL, thle left marker channel loccltion, dash (-), and the right marker channel 
location and perform a carriage return and I ille feed, and then initiates the read operation. 
Upon completion of the read operation, the routine causes the teletype to type an asterisk 
(*). Correct read in is indicated by the check sum being zero. A non-zero check sum 
will result in an error indication. Refer to TCJble 5-1. 

NOTE 

After the teletype performs the carriage return and line feed, turn 
on the selec:ted reader. 
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SECTI()N V 
ERROR DIA(3NOSTICS 

5-1. ERROR INDICATION 

5-2. Execution of an illegal operation wi U result in an error message being typed 
at the teletype. Tobie 5-1 lists the error messages and their causes. 

Table 5-1. Error Indications 

ERROR MESSAGE CAUSIE 

ERROR: 
ERROR: 
ERROR: 

ERROR: 

ERROR: 

ERROR: 

99XXXX Depressi ng an unassi gned pushbutton. 
62XXXX Depressing an unassigned teletype key. 
72XXXXX Entering a group number greater than the number 

of groups selected. 
70XXXXX Entering a character other than an arithmetic 

operat'or (+, -, *, /). 
77XXXXX Reading in a group of channel s larger than the 

current number of channels in the marker area. 
82XXXXX Check sum I- 0 upon completion of read-in. 

NOTE 

The least significant digits indicated by XiS in Table 5-1 for the 
ERROR message may change depending upon which illegal operation 
was perforrned • However, the two most si gnificant digits will be 
the same for the same type of error. 
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SECTION VI 
COMMAND SUMMARY 

6-1. HARDWARE ENTRY COMMANDS 

6-2. The following summarizes the hardwclre entry commands described in Section IV. 

1. TOTAL. PUSHBUTTON - Totalizes the counts stored in the channels between 
the markers and prints the currer;lt group, the marker channels, the total 
and thte net total (total minus background) at the teletype. 

2. PRINT PUSHBUTTON - Prints the current group, the marker channels and 
the content of each channel between the markers at the teletype wi th 
channE~1 identification every eighth channel. 

6-3. SOFTWABE ENTRY COMMANDS 

6-4. The following summarizes the software entry commands described in Section IV. 

1. STORE COMMAND - Permits specifying the marker defined channels of 
any grc:>up for stori ng the resu I t elf an ari thmeti c expressi on of up to three 
terms. The three terms can be any three group, any three literal numbers, or 
any comb i nati on thereof. 

2. WRITE COMMAND - Prints the current group and the marker channels at 
flie teletype, and then punches the content of each channel between the 
markers of the current group in binary format at either the low speed (teletype) 
or high speed paper tape punch. 

3. READ COMMAND - Prints the c:urrent group and the marker channels at the 
teletype, and then reads the dat,c from the binary format paper tape at either 
the low speed (teletype) or high speed paper tape reader and adds it to the 
data cC:>ntained in the channels between the markers of the current group. 
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SECTION VII 
FLOW CHARTS 

7-1. Figures 7-1 through 7-8 depict the flow of the individual subroutines. 
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SECTION VIII 
PROGRAM LISTING 

8-1. A listing of the ND4410 Low/High Speed I/O Overlay Program (41-1062) 
as produced by Pass 3 of the ND812 BASC-1:2 General Assembler Program (41-0001) 
is provided on the following pages. 
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IND41-10e2-00 2"~-3'" S.A~ • N ••• 
IEXTENO!O PUSHBUTTON H/L SPEED READ/PUNCH I/O FOR 441~ 'HVSICS 
IVERS ION A 

1 42 4/11/72 
I MG 

0041 4!41 REO, 
02142 44'S 

0043 ~047 GG, 
0044 ,~,e 

004! 00" NET, 
0045 e54!5 
0047 84210 
0B~0 e4!57 TOT, 
00~1 eA'1 
0052 25400 
0CH53 ~~7e 

00e4 e4!57 STR, 
0ee! e24~ 
00!58 00!5\ 
em!7 !!587!5 

00821 02143 CHNl, 
0051 !S0ee 
0052 !47!5 

0ee3 5251 RITE, 
00e4 844e 
0QJe! 007!5 

0058 !245 RES, 
021e7 (1355 
02170 t548' 
0071 ~0S7 
0072 4815 

IG 

0077 INET TOTAL. • 
!584~ 
e40~ 
84!7 ITOTAl • 
8441 
!540QJ 
~~7! 

84e7 ICS'TOR! IN G 
e248 
C'lL't5t 
!S87! 

0t'J43 ICt-tNL ceHANNfL, 
!50~e 
e47~ 

82151 ICW'RITE 
e44~ 
007e 

e2'!5 IR!SULT OF 
5358 
l5.e4 
00S7 
487e 
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*MOREF IMORE LOW INTERRUPT FLAG CHECK 
007e 0~e2 R!TRN 

*HREAD IHIGH SPEED REA INITIAL RETURN 
12153 0~e2 RETRN 

*INITO IPROVISION P'OR OV!RLAY INITIALIZATION 
1211e8 0212 NOOL.AV 

*INICOM INORMAL. R!TURN REGISTER RESTORE 
817'" 03e2 RETRN 

*HIPUN IHIGt-f SPEED PUNCH INITIAL RETURN 
0175 03e2 RETRN 

*MOREH IMOR! HIGH L!V!L INTERRUPTS 
0321 1400 IDL.E 
121322 14m0 tOL.E 

*l.Ol'LO ILISTMODE OVERFLOW ACQUIRE OFF 
0410 2QJ2! AQOFF 

*ITMOUT lAce TIME OUT 
0411 0338 NOCTB 

*OLYEXT IPROVISION FOR OVER.LAV SERVICE 
2074 20e2 AQ!)(IT+t 

*1.01'+4 IPROVISION FnR OVERLAY STATUS 
22ee 0000 00210 

*TAB1+2 
2308 0122 0122 IREAD 
2307 0121 m12' IWRITIE 
2310 0000 13000 ISPARI! 
2311 0123 0123 ISTOR~ 

2312 00001 01001 ISPARE 
2313 0000 0000 ISPARe: 
231' 0000 10~fJ ISPARE 
2315 121000 0000 ISPARE 
2318 0000 100m ISPARE 
2317 0000 00021 ISPARE 
2320 0000 21000 ISPARE 

*CHIARX+3 
2323 ~'01 READ 
2324 3127 WRITE 
232e 212'" UNUSED 
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2328 3030 STORE 
2327 2120 LJNUSF'O 
2330 212'" UNUSEn 
2331 2120 UNUSEO 
2332 212V1 UNUSEn 
2~33 2120 UNUSED 
2334 212QJ UNUSEO 
233S 2120 UNUSED leAN NOT BE eHANGED 

·TABLE+7 
2345 271S TOTra /TOTALIZE SPARE t 

*TABLE+l!5 
23S3 30:.57 PNT!3 IPRINT SPARF, ~ 
2354 2120 UNUSED IWAS lora 
23ee 2120 UNUSED 

IE12g, 
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*TTVP ... t 

2'75 0000 TOT0, 0 ITOTALIZE BETWEEN HARKERS 
277S 2203 ADDt. ~ 
2177 e440 JPS PNT0 
:~0(21QJ 0e40 )(101, TWJPS 
~001 2403 UNPACK 
~002 00~0 TOT IPRINTS TOTAL • 
3QJ0~ i'04~ XCT )(103 IJPS 1M 
~004 34210 lOUT /PUT TOTAL IN TTV BUF'!R 
3005 )IIe4'. ISTR eCHAN ISAVE TOTAL Fo" BKG sueTR 
3006 5271 ILOD' CEINST ILOAD CtM2) VALUE 
:5007 4871 IADO' ClI I 00 BKG eALCULATION 
:5010 >e574 IDIV' TWOI 
~QJll 72134 %MUL NCHAN IBKG. l;2tCl + C2,N 
:5012 4487 tAOO eCHAN /SUBT FROM TOTAL 
301~ 0000 IEXT 
:set4 1114 XCT X101 IJPS UNPACK 
!01! 0003 TTY 
3016 111e xeT Xl1211 IJPS UNPACK 
3017 21045 NET IPRINT NET TOTAL. 
3020 0340 TWISZ IFORC! INEC TO !CHO 
~021 2105 ECHOF 
3022 0540 TWJPS 
32123 2140 INEC 
~024 2!0e LORD IPRINT NET VALU! 
3025 712~ )(eT )(101 IJPS UN,.ACK 
3028 01213e PCRLF IPRINTS CR-LF 
302' 8332 JMP' TOTe 

:52130 0000 STO~E, (3 IOATA MANIPULATION 
30:51 7131 )(107, )(CT )(101 IJPS UNPACK 
3032 0054 STR IPRINT "CS)TOR! IN G" 
3033 e48QJ STJ Sf'LAG ISET OATA MANIPULATION 
!ra~-4 2204 ADDL 4 
!03! 1004 XCT )(llD IJPS ALLF 
30!! 630e JMP' STORE 

303' 0000 PNTQJ, 0 IPRINT BETWEEN MARKERS 
30 .. 121 :54e3 ISZ SFLAG 
:5041 8482 Xl1;, JPS ALLF 
3"42 7111 )(eT )(1217 IJPS UNPACK 
:5043 003e PCRLF IPRINTS CR.LF 
:5044 8305 JMP' PNT0 

304e 0000 NCHAN, 0 INO. CHNLS B~TWEEN l,R MARK!RS 
:!04f5 0000 0 

3047 0000 GCOMP, It /COMPUTE PUT V OR GET V INST 
30eI2J 0840 X103, TWJPS 
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3051 
3052 
305~ 
3054 
305!5 
305e 
3057 
30e0 
;5081 
:!0t)2 
:50e3 
3064 
30e!5 
3065 
~0e7 
3070 
3071 
3072 
3073 
~074 
30'S 
3078 

3077 
31210 
~101 
~102 
31213 
3104 
3105 
31"e 
3107 
3110 
3111 
3112 
3113 
3114 
3115 
3118 
3117 
3120 
3121 
3122 

2441 
5242 
4038 
4627 
e0001 
~S11 
5422 
5027 
4430 
4221 
7221 
4421 
0000 
0554 
3442 
3501 
5702 
3!503 
5007 
l~te 

)tee77 
e327 

3472 
3402 
10210 
21000 
1541 
1842 
0020 
0554 
4000 
210210 
21001 
0000 
0020 
12'0 
3757 
054. 
0514 
3441 
378e 
3275 

IE1931 

IPNTR, 

C!INST, 
C1I, 
teHAN, 

ONEI, 
TWOI, 
INST, 

GSTRT, 

BeHAN, 

SFLAG, 
MGCR1, 
BTAB, 
STTW, 
I.DTW, 
PUTVP, 
G!TVP, 
CHNGTP, 

1M 
ILOO' MGCRl 
ISUB BeHAN 
IAOO' ONEl 
INEG 
tSTR NCHAN 
tSTR CCHAN 
ILOD GSTRT 
IAOO BCHAN 
lsue. ONEI 
IMUL' TWOI 
lAD!:? INST 
I!)(T 
TWSTK Ft't 
PUTV+l 
ISZ IPNTR 
STJ' IPNTR 
ISZ IPNTR 
I..DJ CCHAN.1 
SIN CLR J 
JPS, ERR)(l 
JMP' GCOMP 

EINST 
Cl 
10"" 
21 
INt 
IN2 
21 
TWSTK F0 
4CJJ00 
21 
1 
o 
o 
MGCR 
TABL1 
TWSTJ Fa 
TWLOK FQJ 
PUTV 
GETV 
CHNGET 
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ICOMPUTE N CHANNELS 

ISAVE NO. CHNLS BETWEEN MARKERS 
/eeHANI -NO. C~NLS BETWEEN MA~KERS 
IS!T UP GETV OR PUTV. INST 
IAOO BEGINNING CH~L 

ISET UP ADDRESS IN INST 

lEND eHAN LESS THAN START CHAN? 
IVES, ERROR 

IPOINTER TO DATA FDA BKG SUBT. 
IPOINTER TO LE'T MARK!R VALUE 
I -NO. CHNLS B!TWE!N MARKERS 

ICONSTANT • t 
ICONSTANT • ~ 

IGROUP STATING CHNL 

IBEGINNING CHNL 

IPUSH BUTTON INDICATOR 
IPOINTER TO RIGHT MARKER CHNL 
IPOINTER TO SUBROUTINE AOOR TABLE 

IPOINTER TO PUT VALUE ROUTINE 
IPOINTER TO G!T VALUE ROUTINE 
IPOINTER TO ~AoUPS AND CHNI.. ROUTINE 



3123 012100 AL.L.I', 0 
3124 4507 AOJ BTAB IBUILO ACTIVtTV POINT!R 
3125 S420 STJ PD!NT1 
3128 5110 L.DJ STTW 
312' 5521 STJ !NST+l 
3130 5110 L.OJ PUTVP 
3131 ~e42 STJ IPNTR 
~132 6710 JPS' CHNGTP ISET UP PUTV STRING. 
313~ ~112 L.OJ G!TVP 
31~' S!54! STJ IPNTR 
31~!5 5115 LDJ L.OTW 
31~e !5530 STJ INST+l 
3137 844e JPS OTASET IS!T UP GETV STRING 
3140 0e40 TWJPS IGO DO INITIAL. ACTIVITV 
~141 3522 PRA 
:5142 0e40 AL.OIOP, TWJPS IGO EXECUTE GETV STRING 
:5143 3454 STERM 
:5144 0e20 TW.JMP' IGO 00 OPERATE ACTIVITV 
3145 3115 POINT1, BTAB 
:StAe !e3~ ISZ BCHAN IUPDATE eUAR!NT CHANNEL. NUMBER 
:5147 e002 SKIP 
:5150 353e ISZ eeHAN+! 
:5151 3550 ISZ eCHAN IUPDATE CHANNEL COUNT 
:S152 8110 JMP AL.OOP 
3153 Jest lSI CCHAN+! l"INtS~!D' 
:S115' e112 JMP ALOOP 
3155 6332 JMP' ALLF IV!S, CAL.L.ER DOES F!NAL. ACTIVITV 

31se 2211 OPER1, ADOL. 11 IMUL.TIPLV- 71 
315' 2214 OPER2, ADDL. 14 IDIV!DE • e~ 
316m 2208 OFtER:!, ADDI. e IADD • .8 
31151 231' OPERA, SUBL. 14 ISUBTRACT. 41 
31e2 1501 OPERe, INZ J IEX!T' 
3183 !5020 OPER!, L.DJ C4000 IYES, EXIT • 4m00 
!184 0S5e )(114, TWSTJ' ISTORE IN G!TV STRING 
':5165 ~2Ie7 IPNTRP, !PNTR 
;'168 :!701 )(115, !SZ' IPNTRP 
3157 lSle S!N CL.R J I!)(!T' 
~1'I2J e1832 JMfI DL.OOP 
3171 '024 XCT )(104 IJPS UNPACK 
3112 ~754 CRL.F 
~1'7~ 6212 JMP' DTASET IVES. RE·TURN TO ALL.." 

3174 2120 ERR)(I, UNUSED IPOINTER TO ~RAOR MESAGE ROUTINE 
3175 001!5 C1S, 1!5 IRETURN 
3175 0051 C'l, 51 ICONSTANT FOR SETTING UP fLOD .. INIT 
31" 0052 ce2, !52 1* 
3200 02153 C!3, 53 1+ 
3201 121055 C5!5, 55 I-
~a02 00'7 C!1, !7 II 



!20~ 4000 C4000, 4000 
320' 0000 CNTR3, " IOPERATION COUNTEA(3.MA~) 

3'-0~ 00111'0 CTASET, 12) 

~20f1l 1!51~ CLR J 
32",7 c2574 )(113, SMJ Sf'L.G IPUSHBUTTON? 
3210 6003 JMP .+3 
3211 6448 JPS STENO IVES. CALC. GETV STRING FOR PUSH BUTTO 
3212 e305 JMP' OTASET 
3213 2203 AOOL 3 15ET UP OPERATION COUNT!R 
3214 ~510 STJ CNTR3 
3215 0e~0 )(10', TWJPS 
3216 2403 UNPACK IPRINT "RESULT OF" 
3217 0086 RES 
3220 ~122 L.OJ cet ISET ILOO IN GETV STR!NG 
3221 6137 JMP OPERe 
3222 S33!5 Ol.OOP, LOJ' IPNTRP INOW lET UP DATA PETCH 
~223 5402 STJ IPNTRI 
3224 ~70'!5 xeT )(139 ITWJPS INEC 
3225 30e7 IPNTR1, IPNTR IINPUT AND ECH.O l.ITERAL OR GROUP NO~ 
322e 0500 )(109, TWl.DJ IPICKUP INPUT eHARACT!R 
3227 2320 CHARX 
3230 2442 SMJ C107 IG' 
32:51 6035 JMP GRPSET IVES, GO COMPUT! ADDR!SS 
3232 3105 OSZ IPNTRt INO, SET 1M INST FOR L.ITERAL. MODE 
3233 530e LOJ' IPNT"l 
3234 4531 AOJ C40f10 
3235 5710 8TJ' IPNTRI 
3238 ~7~1 ISZ' tPNTRP 
3237 37S2 IS!' IPNTRP 
3240 7112 OPER, )(CT X109 
3241 2430 SMJ C40 ITEST FOR SPAC! 
3242 ee:S2 JPS, FCHARP IGO FETCH OPERe OR RETN~ Ct-IAR 
324~ 3131 DSZ CNTR3 
3244 2!147 SMJ CIS IRE TURN 
3245 61(52 JHP OPER5 
3245 2!54e SMJ e!53 I·' 324' 8187 JMP OPER3 IVES 
3250 2547 SMJ C!5 INO. ., 
:5251 6170 JMP OPER4 IYES 
32!52 2553 SMJ C52 INO- ., 
:S2~3 eel'S JMP OPERl IVES 
3254 2S!2 SMJ C!57 INO- 17 
32!5! e817S JMP OPER2 IYES 
:S2~8 6782 )(11212, JPS' ERRXI INO , NrI LEGAl. OPERATOR 

32~1 02100 STEND, 0 ICALC GET V STRING FOR PUSH BUTTON 
3260 1510 CLR J 
3261 <7115 XCT Xl1 .. ISTJ !PNTR 
3262 c7174 xeT )(11S IISZ IPNTR 
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:52~3 
:~2e4 
32f5S 

326e 
32e1 
;'2118 

3211 
:S272 
;5273 
:52'''' 

:S27S 
:527e 
:52,7 
3:500 
3301 
33m2 
3303 
:S~04 
330S 
3308 
3307 
3310 
3311 
3312 
3313 
3314 
~315 
3318 
3317 
3320 
:!:521 
~322 
3323 
3324 
332~ 
~325 
3327 
33318 
3:5:51 
3332 
33:53 
33:54 
3335 
~33e 
3337 
~3.0 
3341 

0840 
3041 
e30S 

e4e3 
'104 
e130 

0040 
0107 
0115 
024S 

0000 
1510 
7110 
6008 
7032 
e242 
!5sea 
0000 
70t2 
7171 
00~3 
6441 
'103 
00S0 
7020 
!5234 
ese0! 
0000 
0340 
2105 
7005 
3111 
7104 
7113 
3785 
0840 
2140 
12121 
7120 
3784 
0840 
2441 
5210 
43(218 
0000 
tS02 
71e3 

TWJIIS 
GCOMP 
JMP' STEND 

GRP,S!T, JPS 
XCT 
JMP 

GRPGET 
)(116 
OPER 

C40, 40 
C107, 101 
Clle, ltS 
FCHARP, FCHAR 

CHNGET, 

)(105, 

GPRIN, 

)(110, 

)(122, 

)(139, 
BCHANP, 
)(137, 
CHAN!, 

)(111, 

ECHANP, 

)(120, 

" CLR J 
)(CT Xl13 
JMP GPRIN 
XCT Xl1'2 
11..00' GROP8! 
ISTR' GSTRTt 
IEVT 
xeT X122 
)(CT )(1214 
GG 
JPS GRPG!T 
XCT GPRIN 
CHNl. 
)(CT )(112 
ILOD. MGCL.G 
tSTft. ICHANP 
IEltT 
TWISZ 
ECHO' 
xeT Xl11 
BeHAN 
XCT )(122 
)teT XIII' 
TO 
TWJPS 
INEC 
MGCR 
)eCT X110 
CRL' 
TWJPS 
1M 
ILOD' GRPWI 
tsue. ECHANP 
tEXT 
~t" K 
XCT )(102 
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IGO COMP PUTv OR Q!TV 1~8T 

IFETCH NEW G_OUP START CHAN~ 
IGO eUILD GETV ~ETCH INST. 

ISPACE 
IG 
1M ••• REMOV! V~RS!ON 8 •• * 
IPOINTER TO '!TeH CHAR ROUT!N! 

IDETERMIN! GROUPS AND CHNL. VALUES 

ISMJ SFLAG, I~USHBUTTONS' 

IJPS 1M, VES, PRESET DISPLAY GROUP 

18ET !NEC TO ECHO 
IJPS UNPACK 
IPRtNT "Gtt 
IGO COMPUTE GROUP STAR.T CHAN. 
IJPS UNPACK 
I"CHNl." IS PRINTED 
IBeMAN- ~ MA~K!R, MGCRG. R M.~K!R 
ILE'T MARKER CMNL 

IFORC! tN!C TO ECHO 

ITWJPS tNEC 

ITWI!l !CHOF 
INO- JPS UNPACK 
I tI TO't 

IRIGHT MARKE~ CHNL PRINTED 
IJPS UNPACK 
IPERFORMS CR~L' 

ICHECK IN !Nn eHNL TOO LARG! 

IJPS ERROR END CHANNEL TOO LARG! 



~342 e~e:5 JPS STEND 100 LAST EL.!MENT IN STRING 
3343 e34e JMP. CHNGET 

3344 lee0 GROPS1, GROUPS IPOINTER TO eU"AENT GROUP 
~34~ lee4 GRPWI, G~OUPW IPO!NTEIit TO GAP WIDTH-NOT GAP1 
3346 1e4. IN2K, IN2000 ICONSTANT • 2Q1"fJ 
3347 leee GRP1WI, GROP1W IPOINTER TO GROUPl WIDTH VALU! 
~3~0 1286 MGCLG, MGCL IPOINT!R TO L!'T MARKER CHNL 

33151 121000 G~PGET, PJ ICOMPUT! NEW G~OUP START CHA,N. 
33~2 7141 )(138, XCT X110 ITWJPS UNPACK 
33!53 0022 GPW IPRINT "(G)ROUP~ 
33~4 712e X121, xeT Xl11 IJPS IN!C 
!3~e 3107 GSTRTI, GSTAT 
3356 53!! L..OJ' GITATl 
33!57 1~03 SIP INI J IGR!ATEA THAN ." 
3360 '117 XCT )(120 INO, !RROR-JPS ERROR ROUT IN!: 
33el 0400 TWSBJ 
~362 tee2 G~OUPN 
~:,eJ t~07 SIN lIZ J IDOES GROUP !XJST' 
3364 611214 JMP .-4 INO, ERROR 
33se 5116 I.OJ tlAP1WI IFETCH CROUP 1 WIDTH POINTER 
33e8 3311 OS2' GITRTI lIS IT GROUP l' 
33e1 2202 ADDL 2 INO, CHANGE TO NORMAL WIDTH 
!310 ~523 STJ GRPWI 
3371 '136 X130, XCT )(112 IJPS 1M, NOW COMP~ START CHAN. 
3312 ~32!5 ILOO' GRPWI ILOAD GROUP WIDTH 
3313 731e IMUI.' GSTATI /MULT BV GROUP NO. INPUT 
337~ 4327 lsua, GRPWI ISUBT GROUP wIDTH 
3315 4725 1400' GRP1wt 
!378 '730 IADD' IN2K 
33" 15722 ISTR. GSTRTI 
34~~ ~000 IEvT 
3412'1 e330 JMP' GRPGET 
1!4089 
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~4"2 0000 Cl, e 
34Q13 00210 21 
3404 37e5 GET"I. GETV-l 

3405 3048 PRS, DSI SGRP 
3408 e013 JMP PABI 
~401 7118 Xttel, XCT )(1321 
~'410 e3!e ILOD' BCHANP 
3411 3400 lOUT 
3412 0000 IEXT 
3413 7141 Xl1", XCT X138 
3414 3784 CRLI' 
3415 7102 XCT )(117 
3418 001!~ TTY+2 
3417 2210 ADOL 10 
3420 5433 STJ SGRP 
~421 c71,e PRBS, XCT X137 
3422 7148 XCT X121 
3423 3412 E1N!~TP, !INST 
3424 0500 X10el, TWJMP 
3425 314! ALOOP+4 

3428 7117 TOB, XCT )(118 
3427 4443 lAOD EINST 
3430 0000 IEXT 
3431 3022 OSI SGRP 
3432 3421 !Sl SGRP 
~.~:, em02 JMfI .+2 
3434 1110 )(CT )(108 
3435 5533 STJ Cl 
:5435 0ee0 TWSTtc 
3437 3403 Ct., 
:5440 7114 )(131, XCT )(10e 

3441 0000 PUTV', 21 
3442 0~"4 PINSITl, TWSTJ '18 
3443 4000 4000 
3444 3!rlIl lSI .-1-
:544' 1374 IItOTO JIC ·14 
344' 7104 )leT PINSTI 
34 .. ' 3504 ISZ PINST1+1 
34!50 8307 JMP' PUT" 
!4!51 3507 !SZ PINST! 
34!52 6311 JMP' PUTV 

34!53 0000 SGRP, 0 

3454 00e0 STERM, 0 
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ICOUNTS AT L.!Ff MARKER 

IPOINTER TO (;!T VALUE STACK-! 

I"SIAP" USED 'OA T!MPORARV COUNTER 

IOUTPUT CHANN!L ID JPS 1M 

IPUT CHNL NO~ IN TTV BU"'ER 

ITWJPS UNPACK 
IPER'ORM CR-L' 
IJPS UNPACK 
IPRINT CHNI. NO~ 
ISET UP FOR 8 OATA VALU!I PER LINE 
I"SGRP" USED FOR TEMPORARV 
IIIZ !CHO~,FORe! ECHO 'ROM 
IJPS INEC 
IPRINT OATAr, OIG!TS MAX.) 

IJPS !M 
ITOTALIZE-ADD N!XT CHNL 

ISK!PS 'IRST TIM! ONLV 

IJMP ALOO,.., 
ISAVE COUNTS AT LEFT MARt<!R 

IJMP ALOOP." 

ISTORE STRING ,qR ST~RM . 
ISTOR! L~·.aT 

ISTOR! MOST 

IP'IELD eHANG! 

/TEMPORAAV COUNTER 

IEXECUTE GETv STRING 

COUNTER 
IN!C 



34S5 5151 LDJ (JET'YI 
~4!je e~01 STJ 'I"'T 3457 !520e Sl.OOP, LDJ. '118T II'ETCH 1M !NST 
3451 5437 STJ ININST 
:5481 t5200 LOJ' 'IRST I'ETCH LOAD OR STORE tNST 
3482 5410 STJ EINST 
~4e3 52B0 LDJ' '!RST 
3484 5'-07 STJ !!NST+! 
!.e! see a I.DJ '1R8T 
:S4ee 5447 STJ "!WT 
3487 !S030 LDJ ININST 
347!!1 1512 SIP CLR J IL.ITERAL' 
3471 5117 JMP DOLIT IVEI, aVPASS DATA 'ITCH 
3.72 051' EINaT, TWL.Dt< 11'0 IMAV BE DATA 
3.73 411ral 4111 3.,. ~!501 tSl .-1 
347S 8102 LOJ .-2 
34,8 150. INC J 
3.77 5538 ITJ' R!WT IU'DATE 'OR N!~T TJME 
35211 31315 DII R!WT 
~e01 1511 5NZ Cl.A J 
35QJ2 :S833 liZ' R!WT 
3e0~ 1374 ROTO Jt< 14 IMOVE DATA I' ANV TO J 
35e4 1 t 12 )(CT I!JNST 
~!JQl5 05511 TWSTK 
3S08 3473 E!NST.' 
3507 S51S ITJ IINST 
35121 5007 DOLIT, I.DJ !N!NST IFETCH 1M !NST 
3511 1148 II'T% J e 
3512 1511 INt J l'tNt.H!D7 
:se13 e337 JMP. ITERM l'fES, RETURN 
3514 2225 ADDL tNINST-EINST II!T ADORES I TO EINST 
351e 15402 STJ tNINST INO. DO COMPUTATION 
3515 7170 X128, )eCT TOB IJPS 1M 
:S517 7411 ININST, INOP 
3520 ell10 tEXT 
3521 8142 JHP SL.OOP 

3522 001210 fDRA, I I!N!T!AL ACT!VITV ROUTINE 
352~ 1514 CLR INC J 
3524 ese1 STJ SGRP I"SGRP" USED "OR TEMPORARY COUNTER 
3525 t510 CLR J 
~52e eSS0 STJ' LORDI< ICl-!AR tNT Aec 
352' e845 STJ' HORDt< 
35321 8315 JMP' PRA 

3531 7113 STB, XCT )(128 IVES, GO STORE DATA 
3532 0000 tE)(T 
3533 6e'2 JPI PUTV 
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~~34 c7114 )(10IB, XCT X131 IJMP Al.00"+4 

3535 0000 REW'T, 0 

:5!5~e 25e3 REA, SMJ SGRP IFIAST TIME! 
3537 e014 JMP ORDF INO, GO R!AD DATA 
:5540 5447 STJ SUM leL.AEA SUM AREA 
3541 e423 JPS ORO IREAD NO. CHNLS 
3~42 7124 )(20,4, )(CT )(128 IJPS 1M 
3543 4242 laue. CHANP 
~e44 0000 tEXT 
3!4!5 1802 SIP K INO,CHNLS TOO LARGE 
3548 ee!4 JPS' ERR IVES, PRINT ~RRO~ HESSAG! 
3547 7105 XCT )(204 IJPS 1M 
3550 4835 IADO' CHANP ISET UP CHNL COUNTER 
:55S1 5e34 ISTR. CHANP 
!!!5~2 0000 IEVT 
3eS3 6411 OROF, JPS ORO IGO AEAO DATA 
:5!5~4 1120 AJK J 
:!!555 4432 AOJ SUM IUPDATE CHECtc SUM 
3558 5431 STJ SUM 
:5557 7115 )(CT )(204 IJPS 1M 
:5ee0 7400 INOP ICAN MAKE INEG (8000) TO SUBT FROM GRP 
:55e1 45S7 !ADD EINST IALWAVS ADOS TO CURRENT GROUP 
35e2 0000 IEXT 
:55e3 e130 JMP ITB.2 IGO STORE DATA BETWEEN MARKS 

:see4 0000 0"10. 2J IREAD 24 BITS 
35S! 6448 JPS AeMAR 
35ee 8403 JPS RD 
:sse7 6402 JPS RD 
35713 e304 JMP' DRO 

3S71 0000 RD, 0 IREAD ROUT%N! 
3S72 1350 S"TZ JI< 10 
3S73 05~0 )(205, TWS'TK ISAV! ROTAT!D VAL.UE 
3e7~ 25m8 HORDI<, HORD 
3!1e ee'-0 TW8TJ 
!578 25tH' L.ORDI<, LORD 
3517 6434 JPS RCMAR IREAD 8 BIT OATA 
35Q1m 0510 X20e, TWL,DI< ISTORE IN HO~D. L.ORD 
~e01 2508 HORO 
38m2 "0~ ADJ' L.ORCK 
38m3 5705 STJ' L.ORDI< 
38QJ4 8313 JMP' RD 

35me ~101 C~ANP, eCHAN IPOINTER TO NO~ CHNL BETW!!N MARI(!RS 
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3808 0200 P2~1, 
3807 0010 SUM, 

3810 2570 WAA, 
3811 S011 
:S812 5503 
3813 50e. 
3el~ S833 
3S15 8433 
:S818 715. )(203, 
3817 !312 
3820 0008 
3821 8450 
3822 711A WNORH, 
3823 S2!! 
~e2. erall 
3825 1120 
3825 '517 
:S827 5520 
3830 54~t 
3831 c7175 

3832 2121 !R~, 

3833 1110 RCHAR, 
383. 74ml 
3835 le.1 
:S838 m010 RINST, 
:S8:S7 1501 
:S8.0 a84. 
:S5.1 Sl12 
:se.2 elle 
3843 1811 
38 •• eesl 
3845 3453 
1848 8313 

38.7 02S4 I.R, 

J8el 0101 8L.ANKS, 
J8!1 et.! 
:S852 e8a8 
3883 lStC! 
3se. ee13 
:see! 3223 
:S8e8 8112 
3e57 8307 

IMJ' SGAPP 
JMP WNORM 
STJ SUfI1 
LDJ RETFINP 
STJ' I.R 
JPS lSLANKS 
XCT )(20' 
%LOD' CHANP 
lEXT 
JPS WRT 
XCT )(213 
tLOD' !INPI 
IEXT 
AJI< J 
ADJ SUM 
STJ SUM 
JPS WRT 
XCT Xle8 

UNUSED 

I 
TI" 
TWJPS 
I 
INZ J 
IMJ' IIRP' 
JMfI .+2 
JMP RCHAR+t 
Cl.R t( 

TWSTK 
SGRfI 
JMP' RCJ.1"AR 

LORE AD 

I 
LOJ '111 
STJ' SGRP" 
ClA J 
JPS' WINST 
DSZ' 'GRPP 
JMP .-2 
JMP' BI.ANKS 

8-14 

IBLANKS COUNTER 
ICHECK SUM STORAGE AREA 

l'IIItIT T!M!' 
INO 

'DISAIL! KEYRO INTERRUfiT 

IJPI !M 
IPUT OUT NO~ CHNLS 

IJ". !M 

IPICK U' DATA 
IUPDAT! CHECK SUM 

IGO WRITE DATA 
IJMP ALOOP •• 

-1'OINT!W TO ERROR RDUTINE 

IREAD CHAR ROUT!N! 
IADV.NC! TTY RfADER 

,"S, TTV ~!AC A CHAR 
IZtRO' 
lV!a·'tRIT T!M!t 
I~O, READ CH'R. 
IJ • I AND SIR' -I 

ICL!A" SGRP 

IIIO!NT!" TO TTV IIt!TURN 

IPUT OUT 20m BLANKS 

ItiO WRITE BLANK 
1211t 
INO, WR!T! MORE 
IY!S, R!TURN 



3860 "'000 WCH,~R, at IWR!T! OATA 
3861 71e1 )(eT )(205 ITWL.DK HORD 
~ee2 53e4 I.DJ' LORDK IftUT DATA IN J,I( 
3863 1370 ROTO JK 10 
~5eA 7171 )(CT )(208 ITWITK HORD 
38e!5 5787 STJ' l.ORDK ISAVE ROTAT!D DATA 
3ee8 0640 TWJPS 
~8e1 0000 WIN:!T, 121 IGO WRIT! E!GHT 81TS 0' DATA 
3870 8310 JMP' WCHAR 

35'1 0000 W~T, 121 IWR!T! DATA 
3872 e512 JPS WCHAR 
3673 eS13 JPS WCHAR 
3814 t551A JPS WCHAR 
3S,S 6304 JMP' WRT 

3818 3472 EINI:II1, EINST IPOINT!R TO DATA 
38" 0382 RETI:fNP, R!TRN IADDFt!SI 'OR NO"MAL RETURN 
311B 3453 SGR 1:111', SGFtP 
1!4015 
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3701 
31m2 
3703 
3104 
~705 
3708 
3101 
3710 
3111 
3112 
3713 
3714 
3115 
3118 
3717 
3720 
3721 
3122 
3723 
3724 
312e 
3128 

3127 
3730 
3731 
3132 
~1~3 
3134 
3735 
3738 
3737 
3140 
37.1 
37.2 
37.3 
3144 
37.5 
37.-8 
3147 

3751 
37S1 
3152 
:5753 
3754 
3755 
37S8 

0000 
12110 
150e 
S13!5 
1501 
se •• 
ee41 
0S4m 
2403 
0041 
2201 
se42 
2201 
7124 
85e4 
120. 
523. 
2027 
1121 
1505 
8'73 
8325 

0QJ00 
1010 
15215 
5122 
15el 
5117 
5548 
7128 
0183 
2211 
eS15 
m8'0 
3123 
5211 
e7e8 

css,s 
8320 

3538 
1371 
0153 
1175 
0242 
3807 
3113 

READ, 

WRITE, 

RINSTP, 
F037', 
HR, 
HW, 
L.W , 
SUMP, 
SFl.AGP, 

o 
L.Jaw 
SIZ J 
L.DJ I.R 
SNZ J 
I.DJ HR 
STJ' RINSTP 
TWJPS 
UN'ACK 
REO 
ADDI. 
STJ' 
ADDI. 
)(CT 
JPa 
LKI'J 
L.DJ' 
AND" 
SJK 
SIZ 
JPS' 
JMP' 

II 
LJIW 

1 
SFL.GP 
1 
)(133 
"CHAR 

SUMP 
,..1377 
J 
J 
ERR 
READ 

SIZ J 
L.DJ L.W 
INZ J 
L.DJ HW 
STJ WINST 
)(CT )(132 
RtT! 
ADDI. 1 
ITJ' S'L.AGP 
TWJIIS 
ALL' 
L.DJ' lUMP 
JPS' WINST 
JPS BLANKS 
JMP' WAtT! 

R!NST 
37' 
HREAD 
HIPUN 
L.OPRNT 
SUM 
SI'LAG 

8-16 

IR!AD FROM PAPER TAP! 
law REG • 0 !~ HI READER 
law REG • NON.~ I' LSCTTY' READER 

ISET UP HIlLS READ COMMAND 
I U~) EAD 

IPRINT READ 

I"AK! PUSH BUTTON COMMAND 
IIET UP PO%NT!~ TO ACTIVITV TABL! 
IJPI TO ALL" 
lID READ CHECK SUM 

ISUBT CHECK SUM 'ROM SUM 
INON Z!~O RESULT', 
IV!I,CH!CK SUM IRIOR ON R!AD 

IWR!T! TO PAPER TAP! 
law REG • 0 !, HS PUNCH 
ISW R!G • NON~~ I' L.StTTY) PUNCH 

II!T UP HIlLS PUNCH COMMAND 
IJ'. UNPACK 

II!T UP 'OR TABL ADDR 

IGO TO ALL. 'UNeT!ON ROUTJNE 

I'UT OUT CHeeK SUM 
IGO PUNCH CH!CK SUM AND TRAILER 
IGO PUNCH ael !.LANK S, " 

IPO!NTER TO READ !NSTRUCTION 

IHIQH SP!ED AEADER RETURN ADDR. 
IHIGH SPEED ,UNCH RETURN ADOR. 
ILOW SPEED READ/PUNCH R!TURN 
IPOINTER TO CH!CK SUM 
{PUSH BUTTON COMMAND INDICATOR 



1!1188 
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3787 340e TAB~l, PRe 
~7ee 3810 WRA 
~7el 3535 REA 
~1~2 ~428 Toe 
3783 3531 ITB 

3764 1775 CRL.F, 7775 

3765 1575 TO, l57! 

37ee raell GETV, II 
3181 eS14 TWI-DK 
3771 "fUJI! '111 
:5711 Q11000 II 
3772 0001 e 
3773 0000 e 
371. 00e0 II 
~7'! 00QUJ II 
377S 0000 tI 
3777 00e0 II 
1121235 

'0 

8-18 

IPRINT !!tOUT!N! 
IWR!T! ROUT!NE 
IREAD ROUTINE 
ITOT'~I!E ROUTIN! 
ISTOR! ROUT!N! 

ICR';'L' 

I • (DASH) 

IGET STRING ,0" STERM 



SE 53SA 
Al.L" • 3123 
ALOOP • 3142 
BC~AN • 3111 
BeHANI' • 3322 
BL.ANKS • 3e!50 
eTAe • 3115 
Cl • 3402 
C107 • ~272 
C1le • ~21~ 
t1! • !11e 
ClI • ~10ra 
C4e • 3271 
C4000 • ~203 
CSt • 31'~ 
C!2 • 3177 
C53 • ~200 cee • 3201 
eS1 • ~202 eCHAN • 3101 
CEINST • 3",71 
C~ANP • 3ee5 
CHAN! • 3324 
CHNGET • 32'S 
eMNGTP • 3122 
CHNL • 00ee 
CNT"3 • 3204 
C~L' • 31e4 
OLOOP • 3222 
DOLtT • 3e10 
ORD • 358.-
ORDI' • 3!553 
DTASET • 3205 
!CHANP • 333ta 
!!NPl • ;'878 
EINST • 3412 
E!NSTI' • ;'423 
ERA • 3832 
ERRXI • 317. 
F0311 • 37el 
FCH.AP • 32''-
GCOMP • 3041 
G!TV • 37se 
G!TV% • 34m4 
G!TVP • 3121 
GG • 21",.:5 
GPRIN • 331S 
GROPSl • 3344 
GRP1WI • 3341 
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G~PGET • 3351 
GRP~ET • 32eS 
GRPWI • 3345 
r;STQT • 3107 
GST~TI • 3JS~ 
HO~OI< • 3~'4 
HR • 3752 
HW • ~15:' 
IN21< • 334e 
ININST • :,e17 
IN~T • 310e 
IPNTR • 30e7 
IPNTRl • 322' 
IPNTRfI • 31e5 
LOTW • 3117 
l.O~OK • 3!7e 
LR • 3841 
LW • 375-1 
MGCI.G • 3,Sa 
MGC~l • 3114 
NCH.N • 3~45 
NET • 004~ 
ONE! • :'103 
OPER • :'240 
OP!~l • :,tee 
O"ER2 • 3157 
OPE-:' • 31521 
OPEr:l4 • 3181 
OPERe • 3183 
OPERe • 31e2 
P200 • 3See 
PINST! • 3442 
PNTI! • 3Q131 
POXNT1 • 31.~ 
PRA • 3522 
PRe • 340! 
PRBt • 3421 
PUTV • 3441 
PUTVP • 3121 
RCHAR • 3533 
"0 • 3S71 
REA • 3!538 
!lEAD • 3701 
RED • 0041 
RES • 00e8 
"ET~NP • 38" 
~e:WT • 3!53' R!NST • 383e 
"INSTP • 3,~e 
AITE • 12'21"'3 
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SiFLAG • 3113 
Sf'LAGP • 37Se 
SGRP • ~4S3 
SGRPP • 37e~ 
SLOOP • ~"~7 
STa • 3531 
STEND I 32e7 
STERM • 34S4 
STORE • ~030 
STR • 00e4 
STTW • ~11e 
SlUM • ;sea7 
SUMP • 37~5 
TABL! • ;S1S1 
TO • 37ee 
TOB • 3428 
TOT • 0Q1ee 
TIOT0 • 2775 
TWOI • :512104 
WCHAR • 3680 
WINST • 388' 
WNORM • 3822 
WI~A • ;S811Z1 
WRITE • 3721 
WRT • 3e71 
)(101 • 300"1 
)(\02 • 32~8 
)(103 • 30!5e 
X10. • !215 
)(lee • 3277 
)(lee • :5424 
)(1217 • ~Qt~l 
)(10t' • 3534 
)(\00 • 3228 
)(1121 • 3311 
)(111 • 3328 
)(112 • 3333 
Xtl:3 • ;5207 
)(ltt4 • 315 .. 
Xll! • 3188 
)(11e • 32!3 
X1t7 • 3413 
)(118 • 3407 
)(110 • 32141 
X120 • 3341 
)(121 • 3354 
)(122 • 3317 
X12e • ;SSt!' 
)(1321 • 3371 
X131 • 3441 

8-21 



)(132 • 3710 
)(t3! • 3142 
)(13' . • 3323 
Xl!8 • 33ea 
)(13; • 3321 
)(203 • 3ete 
)(204 • 3542 
X2ee • 3 '5Q1 III 
)(208 • 3573 
ER 0012121 
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