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ANSWERS TO EXERCISES ON CHAPTER VI - Utility Assembler 

1. a. Symbols for the EQU and BSS pseudo ops are defined by appearing in the address 
field. 

b. TAG is a doubly defined symbol. It cannot be an EXT. 

c. START should be an entry point. The program should look like: 

Location Opcode Address Comments 

NAM EXAMP 
ENT START 
EQU LED(720) 

TAG NUM -72, $FFFF, 72 
BSS TAG11(25) 
EXT LAD 

START LDA+ TAG 
STA+ LAD 

END START 

2. The common area cannot be preset. 

3. Since the common area is fixed, all references to it can safely be made absolutely. This 
is necessary instead of a relative addressed mode for run anywhere programs. 

4. When the reference is made to LIST+3, the operand is unpredictable. The loader skips 
over the LIST area at load time. A BZS should have been used. It would be worthwhile 
at this point to refer to reference 5 or 6 for more information concerning the loader since 
this information is not covered in this manual. 
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ANSWERS TO EXERCISES ON CHAPTER VI - Macro Assembler 

1. a. FEE9 
l_. -

002F 

b. 4142 

c. OAOO 

d. FFFE 

2. LDA . =N$lOOO 
ADD =N$lOOO 

3. TAG ALF Z,ERROR6 Z 
TAGl ALF Z, LOGICAL UNIT8 Z 

4. The symbol TE is declared local to the macro and cannot be called by the main program. 
Also, since the code is inserted in-line, the $7FF3 could be executed as an instruction. 

~ 

( 
'--.. 
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ANSWERS TO EXERCISES ON CHAPTER VIII 

1. STA* FIRST 
ENA $20 
LDQ =N$Al 
OUT -1 
INQ -1 
INP -1 
SAN 1 
JMP* *-2 

LOOP INP -1 
ALS 8 
INP -1 
STA* (FIRST) 
RAO* FIRST 
JMP* LOOP 

FIRST ADC 0 

a. This program is run anywhere. 

b. Starting location for the checksum program is initially placed in the A regis ter. 

c. Reader will run out of tape and stop on a lost data condition. 

o 
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APPENDIX G 

SOLUTIONS TO PROBLEMS IN CHAPTER V 

ADDRESSING PROBLEM 

a. 1234 

b. 02ED 

c. 2311 

d. 1111 

MOVE 

The MOVE routine moves 1001
16 

numbers from $1000-$2000, inclusive, to $3000-$4000, in­
clusive. 

$2000 $4000 

etc. 

$1000 $3000 

SUM 

The SUM routine sums 100116 numbers from $1000-$2000, inclusive. The answer is stored 
in $3000. 

$2000 

sum 

$1000 .r 
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CHNG 

The CHNG routine swaps two arrays, inverting them. The contents of locations $1000-$2000 C 
are swapped and inverted with the contents of locations $3000-$4000. ~/ 

$2000 $4000 

$1000 $3000 

The swap is completed when the last address in ADDR has been decremented past $3000. 

SUB 

The SUB pro g ram picks up the actual data from the calling program and stores them in its 
locations SUBAG1, SUBAG2, and SUBAG3. The EOR =N$8000 put an indi re c t bit on the 
contents of location SUB (which in the example was $502). This caused the LDA * (SUB) to get 
the actual data, 10, etc. Mter picking up all the data, the subroutine updated the return ad­
dress to $505 and ANDed off the extra indirect bit, AND =N$7FFF, so the return would be! 
to the proper place. 

The subroutine saved the reg i s t e r s when it was entered, and restored them when it exited, 
which most subroutines would do. ( 

SORT 

The SORT r ou tine sorts 16 numbers, in ascending order, in core locations $500-$50F, in­
clusive. The method used is to push the smallest number to the top, the next smallest number 
to the next-to-top, etc. 

CLRPB 

The CLRPB subroutine clears protect bits on the core area from $2000-$4000, inclusive. The 
parameters pas s ed by the calling routine are the la~t word address of the buffer (LWA) and 
the first word address (FWA). The subroutine will work for any addresses passed to it. It 
uses the A register and overflow indicator for loop con t r 01. When the last word address is 
subtracted from $7FFF in A, the number left will be: such that when Q reaches the last word 
address +1 and the AAQ 0 instruction is executed, overflow will occur, and the exit will be 
made from the loop. The SOV 0 ins truction before entering the loop turned off the overflow 
indicator in case it may have been on. The CLRPB subroutine must be a protected routine 
itself or the protect switch must be off. 

'-.,' 
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CONVRT o The CONVRT subroutine converts a hexadecimal number which it receives in A to the ASCII 
codes for the decimal number. It packs the codes in a buffer, BUF, and returns to the caller 
with the buffer address in A. 

o 

o 

The method used is to divide the number by 10, in hexadecimal arithmetic, and save the re­
mainders. Each time a divide is done, the remainder in Q will be used to get the ASCII code 
for the number from a table, TAB. 

It would have been possible in this example to simply add $30 to each remainder for the con­
version. However, the table-look-up method is used for ill us t rat ion. Also note that the 
routine puts the characters in one buffer, BUF1, then packs them in BUF for the caller. 

The CONTST pro g ram checks out CONVRT by calling it to convert a number $37 CO, then 
writing the answer on the teletypewriter in ASCII. 
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SOLUTIONS TO PROBLEMS IN CHAPTER VI 

VALUE 

MASK 
START 

SEARCH 

EXIT 

PROBLEM 

NAM 
COM 
DAT 
EQU 
ENT 
EXT* 
BZS 
0 
CLR 
STQ 
LDA 
AND-
ALS 
STA* 
ENQ 
LDA+ 
AND 
EOR* 
SAN 
RAO 
SQZ 
INQ 
JMP* 
JMP* 
END 

TEST 
DUMMY(10), X(10) 
DUM(6), COUNT(l) 
LPMASK($2) 
START 
VALUE 
MASK(1) 
0 
Q 
COUNT 
VALUE 
LPMASK+6 
8 
MASK 
9 
X,Q 
=N$3FOO 
MASK 
2 
COUNT 
EXIT-*-1 
-1 
SEARCH 
(START) 

NAM gives the pro g ram a name. ENT gives it an entry point. START is where execution 
begins, but it does not a p pea r on the END card, implying that it is a subroutine. COM de­
clares the XIS in COMMON; COUNT declares the 7th word of the data block for the answe!. 
DUMMYandDUM space over locations not used in this program. The EXT* declares VALUE 
ex t ern a 1 (it must be an entry point in the other program), and the * implies it is relative. 
The BZS initializes MASK to O. The EQU declares that LPMASK is location $2. 

INI MACRO 

The two lis tings on the follow i n g pages show one way to w r i t e the INI macro. The firs t 
listing does not have the macro expanded, while the second does (M option). 

'.The test routine was run with the STOP switch set. When the computer stopped, the Q reg­
ister was s e 1 e c ted on the console for display. It contained a 6, to indicate that the macro 
worked. 

The INI is not exactly like an INA or INQ because of the size of operands allowed. Line 0008 
has an ADD =N'N' instead of an INA 'N'. 
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,'- 0001 NAM INIMAC L/ 0002 INI MAC N 
0003 LOC SA 
0004 JMP* *+2 
QOOS 'SA' NUM 0 
0006 STA* 'SA' 
0007 LDA- I 
0008 ADD =N'N' 

/ 

0009 STA- I 
0010 LDA* 'SA' 
0011 EMC 
0012 ENT INIMAC 
0013 eOQOQ 0000 IMIMAC 0 0 
0014 POOOI 0842 CLR Q 

0015 POO02 40FF STO- I 
0016 INI 6 
0016 POO03 1802 
0016 POO04 0000 
0016 POOOS 68FE 
0016 Pq006 COFF 
0016 eQQOl 8000 

POOOS 0006 
0016 POOOe) 60FF 
0016 POOOA C8F9 
0017 poooa EOFF LDO- I 

C" 0018 poooe 0000 SLS 
0019 END INIMAC 

I OOFF INIMAC OOOOP roo 0004P 

C) 
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0001 NAM INIMAC 
0002 INI MAC N 
0003 LOC SA 
0004 JMP* *+2 
0005 'SA' NUM 0 
0006 STA*- 'SA' 
0007 LDA- I 
0008 ADD =N'Nt 
0009 STA- I 
0010 LDA* 'SA' 
0011 EMC 
0012 ENT INIMAC 
0013 POOOO 0000 INIMAC 0 0 
0014 POOOI 0842 CLR Q 
0015 POO02 40FF STQ- I 
0016 INI 6 
0016 POO03 1802 JMP* *+2 
0016 POO04 0000 [00 NUM 0 
0016 POOOS 68FE STA* (00 
0016 POO06 COFF LDA- I 
0016 POO07 8000 ADD =N6 

poooa 0006 
0016 POO09 60FF STA- I 
0016 POOOA C8F9 LDA* (00 ,r~' 

0017 POOOS EOFf LDQ- I ' ...... 

0018 poooe 0000 SLS 
0019 END INIMAC 

I OOFf INIMAC OOOOP [00 0004P 
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SOLUTION TO PROBLEMS IN CHAPTER VIn 

CKASSM PROBLEM (8.4) 

The first INDIR request, line 13, is for the w r it e request at line 34, out of the buffer MSG, 
line 25, on the teletypewriter. "NEXT MESSAGE SHOULD INDICATE VERIFICATION." 

The next, at line 15, is to s tar t the write request at line 32 to write a message from MSG1, 
line 26, on the disk. "MACRO ASSEMBLER ON 1700 NOW OK." This message will be written 
on the disk concurrently with the first message which is going out on the TTY. 

At line 16, a status request is made to wait for the disk write to finish. Then, at line 19, the 
message on the disk is read back in, line 28, into a different buffer, BUF, which is a BZS at 
line 27. At line 20, status is taken from line 28 to wait for com p let ion of the disk read. 
Finally, this message is transferred out of BUF to the teletypewriter at line 23, after which 
an exit is made at line 24. 

The program works out the assembler by the ass 0 r tm e n t of requests used to transfer the 
message around. Note that no completion routines are used; it will be obvious that if the two 
messages come out, it 'worked; and if they don't, it didn't. 

The errors which could be found are: 

1. SQN 1 at lines 17 and 21. This is the main error and the instruction effectively doesn't 
do anything. It was intended to loop on the indirect status request until the operation in 
progress bit (bit 15 of Q) be cam e clear. To accomplish that, a SQP instruction should 
have been used. Since Q is word 8 of the disk physical de vic e table, it will never be a 
whole word of zero (upon which the SQN could be used). Only bit 15 should be checked 
for zero. Therefore, as the program is set up, control falls right through to initiate the 
disk read at line 19, then the teletypewriter write at line 23. 

The program works because of the speed of the peripherals involved and the threading of 
r e que s t s onto the driver for each logical unit. The correct message is written, not 
garbage. 

What actually happens (if the SQN's are used ins tead of SQP' s) is: 

a. The firs t TTY message is initiated. 

b. The disk write is initiated. 

c. The disk read is initiated; it is t h rea d e d onto the disk driver after the disk write, 
since both are at priority O. Therefore, the read will not be done until the write is 
finished. 

d. The second TTY write is initiated and is t h rea de d on behind the first write, again 
since the priority is the same (RP = 0). That is why the second line comes out after 
the first, as it should. 

e. The second line does not contain garbage because the TTY is slow compared with the 
disk; the disk buffer has been w r itt en and read back in before the TTY driver gets 
ready to write it out. Any change in hardware or priorities involved could cause a 
mess. 
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2. The next item to note is the bin a r y write on the teletypewriter at line 23. Normally an 
ASCII write would be used. No damage is done because the words being written already 
contain ASCII characters which can be sent directly to the teletypewriter. 

3. Note the formatted write and read on the disk. This is not an error but implies that the 
disk sector driver is in the system, not the disk word driver. 

4. Note the disk sector address words which must be inserted after the macros at lines 30 
and 33. They indicate sector 1 in the scratch area. This is not an error. 

The version of the CKASSM routine which is used to check out the macro assembler contains 
SQN instructions at P0007 and POOOD. This is probably to test the s tat us request itself and 
then also to check out the operation of MSOS. 

(
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SOLUTIONS TO PROBLEMS IN CHAPTER XI 

SOLUTION TO RUN ANYWHERE PROBLEM 

Program AVERAGE is written as a nondestructive run anywhere subroutine which may be 
called to compute an average. The buffer address in the calling routine is X, and the number 
of words is 10. Note that all of the addressing in the program is relative. 

0001 NAM AVERAGE 

0002 EXT * X RELATIVE EXTERNAL X 

0003 ENT AVG 

0004 POOOO 0001 BZS OVFL(l) 

0005 POOO1 0000 AVG 0 0 

0006 POO02 OC09 ENQ 9 N WORDS 9 

0007 POO03 OAOO ENA 0 CLEAR A AND OVFL 

0008 POO04 68FB STA* OVFL RELATIVE TO OVFL 

0009 POOO5 01AO SOV 0 

0010 POO06 8AOO !X LOOP ADD X,Q 2 WORD RELATIVE EXT 

POO07 7FFFX 
0011 POO08 01B3 SNO TEST-*-l 

0012 POO09 D8F6 RAO* OVFL RELATIVE TO OVFL 

0013 POOOA AOOO AND =N$7FFF 
POOOB 7FFF 

0014 POOOC 0142 TEST SQZ AV-*-l 

0015 POOOD ODFE INQ -1 

0016 POOOE 18F7 JMP* LOOP RELATIVE TO LOOP 

0017 POOOF E8FO AV LDQ* OVFL RELATIVE TO OVFL 

0018 P0010 OFC1 ALS 1 
0019 P0011 OF61 LRS 1 
0020 POO12 3000 DVI =NIO 

POO13 OOOA 
0021 P0014 1CEC JMP* (AVG) RELATIVE TO AVG 

0022 END 
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PROBI calls AVERAGE and punches out the answer, 4, and remainder, 5. The program is 
run anywhere, and note the relative addressing used in the punch request. ANS is before the c= request and COMPL is after the request. 

0001 NAM PROBl 
0002 EXT* ,AVG,IOERR RELATIVE EXTERNAL A VG 
0003 ENT START, X 
0004 POOOO 0001 X NUM 1, 2, 3, 4, 5, 6,7, S, 9, 0 

POOOl 0002 
POO02 0003 
POO03 0004 
POO04 0005 
POO05 0006 
POO06 0007 
POO07 OOOS 
POOOS 0009 
P0009 0000 

0005 POOOA 0003 ANS BZS ANS(3) 
0006 OOEA EQU ADISP($EA) 
0007 POOOD 5S00 X START RTJ AVG TWO-WORD RELATIVE EXT 

POOOE 7FFF X 
0008 POOOF 6800 STA ANS RELATIVE TO ANS 

P0010 FFF9 
0009 POOll 4S00 STQ ANS+2 

P0012 , FFF9 
0010 P0013 54F4 RTJ- ($F4) PUNCH OUT ANS AND REM 
0011 POO14 0501 NUM $0501 SET X BIT 
0012 POO15 0007 ADC* COMPL+l RELA TIVE TO COMPL (FWD) C~\ 0013 POO16 0000 NUM 0 
0014 POO17 0003 NUM $0003 
0015 POOlS' 0003 NUM 3 
0016 P0019 7FF5 ADC ANS-*+5 RELATIVE TO ANS 
0017 P001A 14EA JMP- (ADISP) 
0018 P001B 0162 COMPL SQP 2 
0019 P001C 5S00 X RTJ IOERR 

P001D 7FFF X 
0020 POOlE lSFF NUM $lSFF HANG WHEN FINISHED 
0021 END START 

c 
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o 

Here is an error example of incorrect relative addressing used in the punch request. Note at 
line 16 that the ADC* ANS+5 assembles as FFF5, because ANS comes before the ADC in the 
program. A positive inc rem e ntis required, relative to the first word of the parameter 
string, so it should have been 7FF5. The ADC ANS-*+5 should have been used. 

In de bugging this program, the punch tape was studied •. (Be sure to get it right side up.) 
Note that the codes punched are: 

03 
FF 
F5 
14 
EA 

By studying the output, it was no ti c e d that these are the codes for part of the program, in­
dicating that the buffer ANS was not output, but program codes were. Hence the discovery of 
the FFF5 at P0019. 
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0001 hJ.A!"1 PROYl C~ 0002 EX Til- AVG"IOERR 
0003 ENT START,X 
0004 pooon 0001 X NI Jt"1 1.2.3,,4,5,6,7,8,9,,0 

~j\)OOI (1002 
?OOO? 0001 
r}UOOl 0004 
eOOO4 0005 
PO()OS 0006 
paOOA 0007 
"JO 0 0 7 n00A 
j-; tJ 0 0 q OO()g 
POOOg 0000 

0005 ';'UO 0 A Don3 ANS ,iZS ANS(3) 
0006 OOEA EOU Af)ISP($EA) 
0007 t)ooon 5800 X START RTJ AVG 

!JOOOI=" 7FFF X 
0008 POOOI=" AROO STA At-·!S 

~UOl() FFF9 
0009 ~)OOll 4800 STO ANS+2 

":'0012 FFF9 
0010 POOL~ S/+F4 RTJ- (~F4) 

0011 ":"0014 0501 !\JIJ :-1 $0501 
0012 PO 01 c; 0007 Af)C·n· CO~PL+l 
0013 ~"O{)l~ 0000 - - NtH"-- 0 
0014 POOl7 0003 i\jUi'4 '~OOO3 C~ 
0015 POOIR 000] NUf'" 3 

------.{) 0 1 6 POOIQ FFF5 1 C· I.\OC*- AI\IS+5 ) 
0017 r-'OO]fl 14EA .Jf\1P- (ADISP) 
0018 ~JOO IP 0162 COMPL SQP 2 
0019 t;.iOO le 5800 )( RTJ I OERR---'-' 

lJO 01 {I 7FFF X 

0020 POOIF' lRFF NlJi'.t1 1118FF 
0021 END ST.ART 

c 
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In order to verify that the programs were indeed run anywhere andnondestructive and did link 
correctly, coding was inserted to move them (after they ran one time) to higher core and run 
again. Two identical answers would indicate that the programs did run correctly. 

The following example includes coding added which will move 10010 words, beginning at 
START, to $4000, and then jump to $4000 to reexecute. This continues repeatedly. Since 
the program lengths are 2816 and 1D16, for a total of 4516, the 10010 (6416) words moved is 
sufficient. 

Another method would be to use the contents of locations $F7 and $ED to find the core address 
and program length, and use them in the move. 

When checkout methods such as this are used, remember that if the breakpoint package is in 
core it is physically located immediately above the last subroutine. Therefore, it would be 
wise not to move the programs on top of the breakpoint package and wipe it out. 
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0001 NAfv1 PROSl C_~~ 
0002 EXT~} AVG.IOERR 
0003 ENT START.X 
0004 OOFA !::f,)U ADISP($EA) 
0005 1-10000 SHOO X START RTJ AVG 

POOOI "lFFF X. 
0006 POOO? 6800 STA ANS 

POOO) 0024 
0007 ~O 0 O{~ 4AOO ST(~ A"JS+2 

0000S Of) ?'+ 
0008 i'OOOf; 54F4 RTJ- ($F4) 
0009 r>OOO7 0501 NUM <;0501 
0010 POOOq 0007 ADC'u, COMPL+l 
.0011 1.)0009 0000 NUM 0 
0012 ~OOOl\ 0003 NUM $0003 
0013 ,"0008 0003 NU"'" 3 
0014 POOOC ()O?O ADC ANS-~}+5 

0015 POOOD 14E.A JMP- (ADISP) 
0016 POOOE 0162 COMPL SQP 2 
0017 POOOF 5800 X RTJ IOERR 

~OOlO 7FFF X 
0018 ;JO 01 1 OAOO ENA 0 
0019 1-'001? 60FF STA- I 
0020 POOl3 C9Ee LOOP LDA·n· START,I 
0021 f"OOl!+ 6500 STA+ <J>4000.1 (~' 

~)O 015 l+OOO MOVE \,' ........ ' 

OO?? POOIA f)OFF R.AQ- I 
0023 I~O 01 7 COFF LOA- I 
0024 rJOO18 099C I f\·JA -99 
()O25 ~;;o 019 0101 SAl OUT 
002(1 ,·;001 A I8F8 JMP* LOOP 
00?7 POOIR l400 OUT JMP+ $4000 

!-IOOIC 4000 
OO?R i~;OOlf) 0001 X NUrw1 1,2.3,4,5,6,7,8,9,0 

I-'OOlF 0002 
~OOIF 00(l3 
POO20 0004 
~OO21 0005 
POO22 0006 
POO23 0007 
rJ OO24 OOOR 
t-JOO25 OO()q 
POO2A 0000 

0029 ~OO27 0003 ANS fiZS ANS(3) 
0030 END START 
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o To illustrate the use of the conversion routine, the following program MAIN calls AVa to com­
pute an average, then calls CONVRT to convert the answer (which was returned inA by AVG). 
CONVRT returns a 3-word buffer address of the ASCII characters (in A) which the main pro­
gram then stores down in the write reques t. 

o 

Note that this is an absolute buffer address. The completion address, COMPL, must also be 
absolute, yet it is in the run anywhere program MAIN. For that reason, the program must 
absolutize the completion address at each run and store it at C in the write request. 

After the answer is computed once, MAIN calls the MOVE sub r 0 uti n e to move everything 
except CONVRT up to higher core locations, immediately following the 0 rig ina I programs. 
Absolute addressing is used in MAIN to CONVRT so that the original copy of CONVRT is used 
for conversion, since it is not a run anywhere program. 

This would simulate a mass memory mod u I e using a core resident subroutine which always 
remained in the same place. Even if CONVRT had been moved, the original copy would still 
have been the one called. 

Note also that the flag used to control the move is addressed absolutely. This is so the ori­
ginal flag in core will be used: set by one routine and checked by another. This will simulate 
run anywhere routines communicating with each other t h r 0 ugh a core resident flag cell. In 
the current example, the flag could have been addressed relatively. 
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0001 ~J" ~4 ~4,\I~~ 

0002 * FRAN GIACOBBE - PHILA 
oe03 .a. CLASS PROQLE:M NO. 1 PI 
0004 ENT MAIN,X,MVFLAG 
eees EXT~$. AVG, ~~OVE 
0006 EXT CONVRT 
0007 ~~ 

0008 'i~ ~1A IN MUST BE LOADED FIRST, CONVRT LAST, FOR CHECKOUT 
0009 * ~4A I N ENT~Y POI~n MUST BE FIRST LaC ,\T I O~J IN MAI~J 

0010 
0011 PQOOO 3~H' 1 
0012 POOOI 0000 
0013 POOO2 C~H E 
0014 POOO3 tjOOO 

PODOl, 0012 
0015 POO05 680H 
ODIe PGGOa 5fHJO x 

POO07 lFFF X 
0017 POOOR 5 /,00 'Ii 

h, 

POOO9 "lFFF X 
OG18 poao'\ 6R.u7 
0019 POOOH 54F4 
002(;) PQOOe OeOI 
0021 POOOO 0000 
0022 POOOE 00 11 0 
0023 POOOF 1004 
002', POOIO 0003 
0025 POOll 0000 
002~ 120012 14EA 
0027 POO13 0161 
0028 POO14 U3FF 
0029 POOlS C400 

POO16 0025 P 
0030 POO17 0101 
0 0 3 1 POO18 14EA 
0032 POO19 IHOO X 

PODIA 'ZFF F X 
0033 POOlS l5F9 

POOIC 7FFF 
POOll) 00b5 
POOlE 0002 
P001F OOUO 
P0020 1000 
P0021 DOOR 
PQO?2 0012 
POD23 0004 
P0024 0003 

0034- POO?5 aOul 
0035 

I DOFF "AIN 
WRITE 
eO~d'JRT 

0008P C 
GOQ')X '10V~ 

~~ 

~~ A I PI RTJ* 
T 0 

LDA* 
ADD 

STA* 
FlTJ 

RTJ+ 

STA~c 

~~R I TE RTJ-
~JlI ~1 

C ADC 
NUM 
NUM 
NU~4 

ADC 
'MP-

COMPL SQP 
t\jIIM 

CKMOVE LOA+ 

SAl 
I~p-

GOMOVE JMP 

;<. NUM 

MVFLAG BlS 
E~ID 

0900P X 
OOOOP COMPL 
9QlPeX A'IG 

;1:+ 1 1'8S0LIIT1£[ COMPL a.Og~ 

a 
it-I 
=XCOMPL-T 

C 
.o.VG GO ~E:T I\V£~AGE: 

CONVRT GO CONVE:RT ANSWE~ 

WRITE+6 BUfFER ADORESS 
($F4) 
~geOl GO '.tJR 1 TE: ," ~IS'/JER 
0 
0 
$1004-
3 
0 
($[") 
CKMOVE 
$18FF HANG IF ERROR 
MVFLAG FIRST OR SECOND RUN '? 

GOMOVE-*-l 
('SEAl 
MOVE 

$15F9,$7FFF,$65,2,0,$100O,8,$12,4,3 

MVFLAG(!) 
MAI~J 

OOlBP r1VFLAG 0925P T 9091P 
0013P CKMOVE 0015P GOMOVE 0019P 
OOY7X 
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QQQl ~JAM t\'1ER/\GE 
0002 EXT* X BUFFER IN MAIN PGM 
gggJ E~J+ A~JG 

0004 POOOO 0001 OVFL SZS OVFL(l) 
ggO~ POgOI OOg" I~~~ 0 CJ 

0006 POO02 OC09 ENQ 9 N WORDS 10 
ggO:]: pgQQ;J YAOQ E~J~ 0 CLEAR A ,A~IO O~Jt=:b 

0008 POOO'+ 68FB STA* OVFL 
gOO~ PO 0 (H;i OlAO ~Q~,l 0 ::r:WR~1 O~t=: O\lERt=:LOlfJ IMOICAlOI 
0010 POO06 SAOO X LOOP ADD X,Q ADD UP DATA 

PQQQ7 7f~V " I 

0011 POOO8 01B3 SNO TEST-*-l 
gg12 pgggg QBfe RA9~i: GVfb If OVERfbGltt 
0013 POOOA AOOO AND =N$7FFF 

pg9gB +FfF 
0014 POOOC 0142 TEST SQZ AV-*-l 
ggl~ PtHHlIJ QQt==g I~JQ -1 
0016 POOOE 18F7 JMP* LOOP 
0017 POOOF E8FO A \l . LOQil- GVFL COMP11lE AVERAGE 
0018 POOIO OFCI ALS 1 
OOl~ POOll U~~l LR~ 1 

C' 
0020 P0012 3000 DVI =NIO 

P001;;3 gOOo. 
0021 POO14 ICEC ,JMP* (AVG) 
0022 * bE A \lE A~JS~IER I ~I A A~JO REMA I~IDER I~I Q A ~ID . RElIIR~1 lO CALLER 
0023 END 

I OOFF AV~ aDaIR Q"FL OOOOP LOOR 0006P TEST OOOCP 
AV OOOFP X 0007X 

o 
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0001 NAM MOVE 
DOD? ENT MOVE 
00 0 3 EXT MVELAG 
0004 0022 EQU ZERO($22) 
0005 POaoo no"o MOVf. 0 0 

0006 POOOI CUt.D LDA- $ED FIGURE OUT N WORDS 
0007 POO o 2 9C!f7 5 118- $F7 
DOOR POOO] 90()O SU8 =N$44 SUHTRACT OFF SIZE OF CONVR' 

POQOL!. a (Itt 4 
0009 ~;. SO IT WONT GET MOVED 
00 10 pon05 f'B?? IRA Q 

0011 POOO6 ChF7 MOVLP LDA- ($F7) ,Q MOVE IT 
0012 P (, 0 07 6bFfi 5T4- (:hEo) ,0 

0013 POOOR OOFE INQ -1 
0014 pnoog (,141 50l 0111-*-1 
0015 POOOA 1 R~· B JMP* MOVLP 
0016 POoOH 0400 x ollT RAO+ MVEI AG SET MOVED EI AG 

POOOC 7F FF X 
0017 PODOl) EDED I D(,)- $Eo FIGURE OUT ,JUMp ADDRESS 
0018 paonE 0001 INQ 1 
0019 POOOE ]622 IMP- (ZERO) ,0 ,JlJMP TO MAIN l' 0020 END '--. 

I QaFF MOVE OQQOP ZERO 0022 MO"lP 0006P 0' 'T OOOBP 
MVFLAG oonex 

(' 
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U eQgl ~JA~4 GQNVRl 
0002 POOOO DOOl BSS SAVEQ(l),SAVEI{l),SAVEA{l) 

P99gl ~Hl n 1 
POOO2 00U1 

QQQ;1 PCHHlJ PG'=I~ ~HJ~ ij~~ ~11f:: (J) 
0004 POOO6 0006 8UFl RSS AUFl(6) 
0003 POQ(lG y 0 6~~ SIG~~ ~JUM ~2~h $21;) 

POOOO 002D 
OOO~ POOgg oo~O lA~ ~JIIM $30,~31,$32,$33,$34,$35,$36,$31,$38,$39 

POOOF 0031 
pgQIG yOJ~ 

POOll 0033 
PGGIt1 OOJl, 
POO13 0035 
pg GIl, yGJe 
POOl5 0037 
PQQls QQd~ 

P0017 0039 
0001 g~n: GQ~PJRl 

0008 PO 0 lf~ OOUO CONVRT 0 0 
OOOQ POQIQ "~~9 ~+Q* ~AVgQ 

0010 PODIA EIJFF LOQ- I 
9911 P991B " ~E;9 £+Q~ 510j lJE; J 
0012 POOIC oe42 CLR Q 

QQl;;l PQGIQ I, Q~. F= ~+Q- I 
0014 POUIE 0122 SAP POS 
0015 POOIF OUOI INQ 1 

0 OOln POO20 0864- TCA A 
gQl1 PQQ~1 gAgA PQ~ bQQ* ~IG~J,Q 

001P. POO22 4REH STQ* BUFl+5 
gQIQ PGQ~J E;~gA bQQ* +JH~:i: 0 
0020 POO24 48£1 STO* BUFI 
Oggl PQO~;} ggyQ bQQ -~J$gg 

P0026 0020 
OO~g pggg1 " I:HJ~ ~+Q1i: ~11r:: l:i: 1 
0023 P0028 48DF STO* BUFI+2 
0024- 12002~ 4~Qr:: SlQ* 611r::l '*=3 
0025 P002A 48DF STCJ* BUFl+4 
002~ P0028 O~42 bQQP CbR Q 

0027 POOcC 0106 SAZ OUT 
0028 ~OO~O 3000 OHI -~Il 0 

POO?E aOUA 
0029 ~002~ E:Ab)~ bQQ-l! lA6,Q 
0030 P0030 49U5 STOil- BUFI,I 
0031 120031 gO~r:: RAQ- I 
0032 POO32 18FB JMP* LOOP 
OOJJ POOJ~ 1.0 r:: r:: QkJ+ ~+Q- I 
0034 POO34 OCU5 ENQ 5 
OOJ5 1200JS C~lbh) ~ACK bg~* QlJ~l,Q 

0036 P(j036 OFC8 ALS 8 
00J1 PClOJ1 QQFE; J ~JQ -1 
003A POO38 8AeD ADD* BUFl,Q 
0039 g0039 (;)9C9 SltUt ~11f::, I 
0040 POO3A DuFF RAO- I 
004] PO 0 '-\b ilDf~ INQ -1 

() 
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00',2 
0043 
00 /,/, 
0045 
00 1, (, 

0047 

004R 
00 /,9 

I 
SUFI 
LOOP 

POO:1G 01 11 
POOJD 1 Hf-( 

POO3£ EgGl DO~~E 

POO3F CBel 
P II 0" 0 bO~F 

P(1041 COOO 
PO 0 /12 UOO3 f' 
POO43 lC04 

gOfF SAVEQ 
0006P SIGN 
Q02fjP OUT 

SQM 
JMPit 
LOQJc 

LDA* 
STA 
LOA 

JMPit 

E~JD 

OOOOP SAVEl 
OOOCP TAB 
gY33P ~/\Cl:< 

DO~JE 

BACK 
S.AVEQ 
SAVEl 
I 
=XRUF 

(CONVRT) 

OOOlP SA'IEA 
OOOEP CONVRT 
OOJ5P DO~JE 

0002P BUf 
0018P POS 
QOJEP 

0003P 
002lP 

ADDRESSES WHERE -------------------------­
PROGRAMS LOADED 

AVERA.G 2392 
MOVE 2347 

1 Et>lTRY POINT T"tlLE-~ 
MAP 

MAIN 236C X 2381' MVFLAG' 2391 
MOVE 23ft7 AVG 239J 

G-20 

CONVRT 23CF 

(~ 

c 



u * 
MI 
*p 

J 
*K, 113, P6 
J 
*ASSEM 
OPTIONS 
J 
*p 
J 
*L,8 
J 
*X 
+ 4263 
+ 4263 
J 

MI 
*p 
J 

~ 

TTY PRINTOUT 

LX 

Answers 

o *UTOPIA 

o 

E * 
CKDISK - ENTER CKD/ FOR HEADING 

ADH, 15F9, 7 FFF / 
95F8 
ADH, 95F8, 65/ 
965D 
ADH, 965D, 2/ 
965F 
ADH, 965F, 100D/ 
A66C 
ADH, A66C, 8/ 
A674 
ADH, A674, 12/ 
A686 
ADH, 4, A686/ 
A68A 
ADH, A68A, 3/ 
A68D 
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utopia was used to sum the hex n urn be r s, to check out the answer. The sum is A68D16 = 

4263710• Divide by 1010 for a decimal answer of 4263. The remainder 7 was not considered 
when the answer was printed. Note that the numbers used did generate 'overflow in the sum, 
thereby checking out the average routine. (The average routine would work only for positive 
numbers. ) 

In analyzing and planning the move portion, the following s imp I e method could be used with 
imaginary core addresses: 

Core 

Address. 
~----+-----~--

1014 

100B 
100A 

1001 
1000 

00F7 1000 
OOED 100A 

move 10 words 

100A 
-1000 

A 

100A 
+A 

1014 

By drawing a simple picture to move only 10 words, beginning at 1001 and showing the con­
tents of $ED and $F7 (which will be used for indirect addressing) it can be determined that the 
program should subtract the contents of $F7 from $ED and use that answer, $A, for the index 
in Q. The store through $ED would be analyzed the same way: ($ED) + $A = $1014. By 
looking at the picture, one can see that Q should go from $A to 1; hence, the skip out of the 
loop should be after the last move when Q equaled 1. 
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The actual addresses involved after loading were: 

MOVE 
------

AVERAG 
------

second run: 
CONVRT not moved 

MAIN 
23FB 

CONVRT 
23B7 -------

MOVE 
23AC -----

AVERAG 
first run 

2392 ------
MAIN 

236C 

00F7 236B 23FA 26 

OOED 23FA 
-236B 15 

8F 10 
-44 CONVRT 4B 
4B moved 

The total number of locations involved was 8F16• Less CONVRT, left 4B16 to move. Q was 
indexed from 4B16 (the last location in MOVE) through 1 (the first location in MAIN). 
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Solution to the AVG Reentrant Problem (11.3.2) 

0001 
0002 
0003 

0004 
0005 
0006 
0007 
0008 
0009 

-0010 
0011 
0012 
0013 
0014 
0015 
0016 
0017 
0018 
0019 
0020 
0021 
0022 
0023 
0024 
0025 
0026 
0027 
0028 
0029 
0030 
0031 
0032 

0033 
0034 
0035 
0036 
0037 
0038 
0039 

OOBB 
OOBA 
0022 
0002 

POOOO 0000 
POOOI 0500 
POO02 54BB 
POO03 0006 
POO04 0400 
POO05 C8FA 
POO06 6103 
POO07 0844 
POO08 6104 
POO09 FlOl 
POOOA 4i05 
POOOB OlAO 
POOOC E4FF 
POOOD 8622 
POOOE 01B2 
POOOF Dl04 
POOlO AOll 
POOll ODOI 
POO12 4522 
POO13 0852 
POO14 Fl05 
POO15 0141 
POO16 l8F5 
POO17 El04 
POO18 OFCI 
P0019 OF6l 
POOlA 3101 
POOlB 6101 
POOlC 4500 
POOlD 0000 
POOlE Cl03 
POOlF 0500 
P0020 68DF 
P002l 
P0022 
P0023 

54BA 
0400 
lCDC 

5 
4 
:8 
2 
1 

(1)+0 

NAM 
ENT 
EQU 

AVG 0 
lIN 
RTJ-
NUM 
EIN 
LDA* 
STA-
CLR 
STA-
ADQ-
STQ-
SOV 

LOOP LDQ-
ADD-
SNO 
RAG-
AND-

TEST INQ 
STQ-
TCQ 
ADQ-
SQZ 
JMP* 

DV LDQ-
ALS 
LRS 

DIV DVI-
STA-
STQ+ 

EXIT LDA-
lIN 
STA* 
RTJ-
EIN 
JMP* 
END 

LWA+l 
OVERFLOW 
RETURN 
I 
A (N WORDS) 
Q (FWA) 

AVG 
AVG 
AVOLA($BB),AVOLR($BA), ZERO($22), LPMASK($2) 

0 

(AVOLA) 
6 

AVG SAVE RETURN ADDRESS 
3,1 
A 
4,1 ZERO OVERFLOW CELL 
1, I LWA+l IN Q 
5,1 SAVE IN VOLA+5 
0 TURN OFF OVERFLOW 
(I) FWA IN Q 
(ZERO),Q ADD DATA TOA 
TEST-*-l 
4,1 COUNT OVERFLOW 
LPMASK+15 AND OUT SIGN BIT 
1 UPDATE ADDRESS 
(ZERO), I SA VE NEXT ADDRESS 
Q COMPLEMENT NEXT ADDRESS 
5,1 ADD LWA+l 
DV-*-l FINISHED WHEN MATCH 
LOOP 
4,1 PICK UP OVERFLOW 
1 SQUEEZE OUT SIGN BIT 
1 
1,1 DIVIDE FOR AVERAGE 
1,1 RETURN ANSWER IN A 
0,1 RETURN REMAINDER IN Q 

3,1 RESCUE RETURN ADDRESS 

AVG 
(AVOLR) 

(AVG) 
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The following routine, NAM A VGTST, was used to check out the subroutine to see if it re­
turned the correct answer. It only checks the answer and does not check the reentrancy. It 
asked AVG for an average of 9 words of a lO-word buffer X, and then punched the average 4 
and remainder O. 

The method used to run the routine in the background, since VOLA is a protected routine, was: 

1. Assemble and load A VGTST and A VG under MSOS. Do not execute yet. 

2. Turn off protect switch on console. 

3. Turn off disk (to protect the system). 

4. Set P on the console to the beginning address of A VGTST and RUN. 

This method could be used to check out any r ou tin e in the background which links to system 
routines in pro t e c ted core. If the system in core gets clobbered, the image on the disk is 
intact. 
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0001 NAM AVGTST 
0002 ENT X, BEGIN 
0003 EXT* AVG 
0004 POOOO OA09 BEGIN ENA 9 NUMBER OF WORDS 
0005 POOOI EOOO LDQ =XX BUFFER ADDRESS 

POO02 0011 P 
0006 POO03 5800 X RTJ AVG 

POO04 7FFFX 
0007 POO05 6816 STA* TEMP SAVE ANSWER 
0008 POO06 4816 STQ* TEMP+1 SAVE REMAINDER 
0009 XA WRITE 3, XB-XA-1, TEMP-XA-1, 2, B, 0, 1, A, X 
0009 POO07 54F4 
0009 POO08 0501 
0009 POO09 0008 

POOOA 0000 
0009 POOOB 0003 
0009 poooe 0002 

POOOD 0013 
0010 EXIT 
0010 POOOE 54F4 
0010 POOOF OAOO 
0011 P0010 14EA XB JMP- ($EA) 
0012 P0011 0000 X NUM 0,1,2,3,4,5,6,7,8,9 C POO12 0001 

POO13 0002 
POO14 0003 
POO15 0004 
POO16 0005 
POO17 0006 
POO18 0007 
POO19 0008 
P001A 0009 

0013 P001B 0002 TEMP BSS TEMP (2) 
0014 END BEGIN 

ANSWER: 4 

C' 
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After tes ting out AVG to see if it gives an answer, it is then necessary to check out itsre­
entrancy. In the following computer run, two pro g ram s (PGMA and PGMB) were set up, 
each to call AVG as a subroutine. Links and a flag were added to the routines for test pur­
poses only. PGMA calls AVG and AVG begins its calculation. It then checks a flag and causes 
a pseudo interrupt of itself, and c au s e s PGMB to begin its run. PGMB calls AVG, gets an 
answer, punches it, and returns control back to the location in A VG where the pseudo interrupt 
occurred. A VG completes its calculation for PGMA, returns to PGMA, and PGMA punches 
its answer and hangs. 

Again, the programs are loaded under MSOS. Then the protect switch and disk are turned off 
while they execute. 

This method could be used as a skeleton to check a routine's reentrancy. 

The coding for testing reentrancy is marked by brackets in the example. 
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0001 NAM PGMA 
0002 ENT PGNtA 
0003 EXT AVG 
0004 POOOO 0000 PGMA 0 0 
0005 POOOI OAOA ENA 10 10 ~UMBERS 
0006 POO02 EOOO LDQ =xx BUFFER ADDRESS X 

POO03 OOOF P 
0007 POO04 5400 X RTJ+ AVO COMPUTE AVERAGE 

POO05 7FFFX 
0008 POO06 6813 STA* ANS 
0009 POO07 54F4 RTJ- ($F4) PUNCH ANSWER 
0010 POO08 0401 NUM $0401 
0011 POO09 0000 ADC 0 
0012 POOOA 0000 NUM 0 
0013 POOOB 0003 NUM $0003 
0014 POOOC oooi NUM 1 

'P 0015 POOOD 00i9 P ADC ANS 
~ 0016 POOOE i8FF NUM $18FF HANG 
00 0017 POOOF 0000 X NuM 0,1,2;3,4,5;6,7;8,9 

pool0 0001 
P0011 0002 
POO12 0003 
POO13 0004 
POO14 0005 
POO15 0006 
POO16 0007 
POO17 0008 
POO18 0009 

00i8 P0019 0001 ANS BSS ANS(l) 
0019 END PGMA 

ANSWER: 4 
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0001 NAM AVG 
0002 ENT AVG 

0 
0003 ENT FIN! 
0004 EXT PGMB 
0005 OOBB EQU A VOLA ($BB) , AVOLR ($BA), ZERO($22), LPMASK($2) 

OOBA 
0022 
0002 

0006 POOOO 0000 AVG 0 0 
0007 POOOI 0500 !IN 
0008 POO02 54BB RTJ- (AVOLA) 
0009 POO03 0007 NUM 7 ONE MORE WORD VOLATILE 
0010 POO04 0400 EIN NEEDED 
0011 POO05 C8FA LDA* AVG 
0012 POO06 6103 STA- 3,1 
0013 POO07 0844 CLR A 
0014 POO08 6014 STA- 4, I 
0015 P.0009 F101 ADQ- 1,1 
0016 POOOA 4105 STQ- 5,1 
0017 POOOB 01AO SOY 0 
0018 POOOC E4FF LOOP LDQ- (I) 
0019 * 
0020 * 
0021 'POOOD 6106 STA- 6,1 
0022 POOOE C820 LDA* FLAG 
0023 POOOF 0115 SAN C 
0024 P0010 OA01 ENA 1 
0025 P0011 681D STA* FLAG FIRST OR SECOND CALL? 
0026 POO12 C106 LDA- 6,1 
0027 POO13 1400 :X JMP+ PGMB 

POO14 7FFFIx 

0 
0028 * 
0029 POO15 C106 C LDA- 6,1 
0030 P0016 . 0000 FIN! 0 0 RETURN AFTER INTERRUPT 
0031 * 
0032 * 
0033 POO17 8622 ADD- (ZERO),Q 
0034 POO18 01B2 SNO TEST-*-l 
0035 POO19 D104 RAO- 4, I 
0036 P001A A011 AND- LPMASK+15 
0037 POOIB OD01 TEST INQ 1 
0038 P001C 4522 STQ- (ZERO), I 
0039 P001D 0852 TCQ Q 
0040 POOlE F105 ADQ- 5,1 
0041 POOIF 0141 SQZ DV-*-l 
0042 P0020 18EB JMP* LOOP 
0043 P0021 E104 DV LDQ- 4, I 
0044 P0022 OFC1 ALS 1 
0045 P0023 OF61 LRS 1 
0046 P0024 3101 DIV DVI- 1,1 ANSWERS: 

0047 P0025 6101 STA- 1,1 3 
0048 P0026 4500 STQ+ 0,1 4 

P0027 0000 
0049 P0028 C103 EXIT LDA- 3, I 
0050 P0029 0500 !IN 
0051 P002A 68D5 STA* AVG 
0052 P002B 54BA RTJ- (AVOLR) 
0053 P002C 0400 EIN 
0054 P002D 1CD2 JMP* (AVG) 
0055 P002E 0001 BZS FLAG(l) 

C') 0056 END 
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r-' 
0001 NAM PGMB ~---' 
0002 ENT PGMB 
0003 EXT AVG, FINI 
0004 POOOO 0000 PGMB 0 0 
0005 POOOI 6817 STA* 

SA+! } 0006 POO02 4814 STQ* SQ+1 
SAVE REGISTERS 

0007 POO03 COFF LDA- I 
0008 POO04 680F STA* SI+1 
0009 POO05 OA08 ENA 8 8 NUMBERS 
0010 POO06 EOOO LDQ =XX BUFFER ADDRESS X 

POO07 001B P 
0011 POO08 5400 X RTJ+ AVG COMPUTE AVERAGE 

POO09 7FFFX 
0012 POOOA 6819 STA* ANS 
0013 POOOB 54F4 RTJ- ($F4) PUNCH AmWER 
0014 POOOC 0401 NUM $0401 
0015 POOOD 0000 ADC 0 
0016 POOOE 0000 NUM 0 
0017 POOOF 0003 NUM $0003 
0018 P0010 0001 NUM 1 
0019 P0011 0023 P ADC ANS 
0020 POO12 COOO SI LDA =NO 

POO13 0000 
0021 POO14 60FF STA- I 

RESTORE REGISTERS~ 
0022 POO15 EOOO SQ LDQ =NO ,,--.,' 

POO16 0000 
0023 POO17 COOOO SA LDA =NO 

POO18 0000 
0024 POO19 1400 X JMP+ FIN! ) RETURN TO AVG 

P001A 7FFFX 
0025 P001B 0000 X NUM 0, 1,2,3,4,5,6,7 

P001C 0001 
P001D 0002 
POOlE 0003 
P001F 0004, 
P0020 0005 
P0021 0006 
P0022 0007 

0026 P0023 0001 ANS BSS ANS(l) 
0027 END 

ANSWER: 3 
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Another possible solution would be: 

NAM AVG 
ENT AVG 
EQU A VOLA($BB), A VOLR($BA), ZERO($22) 
EQU LPMASK($2),ONEB1T($23) 

AVG 0 0 
IIN 
RTJ- (AVOLA) 
NUM 5 
E1N 
LDA* AVG 
STA- 3,1 

LDA- I 
EOR- ONEB1T+15 
STA- I 
CLR A 
STA- 4,1 
LDQ- 1,1 
INQ -1 

LOOP ADD- (I), Q 
SNO TEST-*-1 
RAO- 4,1 
AND- LPMASK+15 

TEST SQZ DV-*-1 
INQ -1 
JMP* LOOP 

DV LDQ- 4,1 
ALS 1 
LRS 1 

DIV DV1- 1, I 
STA- 1,1 
STQ+ 0, I 

EXIT LDA- 3,1 
IIN 
STA* AVG 
LDA- 1 
.AND- LPMASK+15 
STA- 1 
RTJ- (AVOLR) 
EIN 
JMP* (AVG) 
END 

The indirect bit on the contents of I causes proper addressing to be used to add up the buffer. 
Only 15 bits of the address are used for the direct addressing used to access the other volatile 
locations. 
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SOLUTION TO THREAD PROBLEM. (11.4.3.3) 

Solution: Never. 

The problem here is that the programmer thinks the request priority of 14 will override the 
running priority of 12, but this is not so. It is the driver's priority which must be considered, 
and the slow-equipment drivers usually run at 10. So, since the requestis threaded as 
highest priority (14) on the queue for the logical unit (TTY,4) and will be processed when the 
driver gets to run at its p rio ri ty (10), the write will never be done. This is because the 
running program is hung in a loop at priority 12, waiting for an event which cannot occur (the 
thread word becoming zero) because the loop at 12 is locking out the driver. 

Process programs usually run at 4, 5, and 6 (below the drivers); this would eli min ate the 
problem in the example program. However, any looping like this at any priority is going to 
slow down a system by locking out lower priorities. For example, if many process programs 
were coded this way, they could a 1m 0 s t completely lock out job processing (which runs at 0 
and 1). It would be much better to code the write as follows, if it mus t run at 12: 

EQU ADISP($EA) 
~ 

($F4) RTJ-
NUM $OCED FWRITE, RP=14, CP=13 
ADC COMPL 
NUM 0 
NUM $18FC 
NUM 35 
ADC BUF 
SQP OK-*-l 
JMP REJ 

OK JMP- (ADISP) 
COMPL 
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SOLUTION TO MMPGM PROBLEM. (11. 5.7) 

o Note that afte~ the FWRITE is initiated (at P0017), the program return jumps to CORSUB and 
then schedules SYSPGM. CORSUB will run at the calling program's priority (4). Then, since 
SYSPGM is scheduled to run at 4 also, it will r')t begin until MMPGM is finished. (This is 
per f e c t I y legal, as long as SYSPGM does not need any of the data in MMPGM and does not 
store anything in MMPGM.) At P001C a jump is then made to the dispatcher to a w a i t com­
pletion of the 1/0. This all looks very good. 

o 

o 

However, the 110 has been going on concurrently and the driver runs at a very high priority 
(usually 10). If by any chance it finishes the write and t r an sf e r s control to the completion 
routine WROTE (at P001D) at priority 6 before the RTJ+ CORSUB and the schedule for SYSPGM 
are finished, the space MMPGM is in will be released. Surprise! 

This is quite possible because other system programs at intermediate priorities (i. e., 7 and 
9) could be locking out the MMPGM at 4, yet the driver at 10 would be plod din g away at its 
write. Naturally the completion at 6 will be done (after the 7 and 8 are finished) be for e the 
p rio r i t Y drops back down to 4 to try to do the return jump to CORSUB and the schedule re­
quest, which, of course, aren't there any more. 

The word on mass memory coding is: Be careful, and think! 
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A possible correction for the program would be: 

NAM MMPGM 
ENT MMPGM 
EXT * REQREJ,IOERR 
EXT CORSUB 
EXT SYSPGM 

ADISP EQU ADISP($EA) 
MMPGM NUM $C8FE 

STA* REL+2 
JMP* WRITE 

MSGBUF ALF *,MASS MEMORY EXAMPLE* 
WRITE FWRITE $FC, WROTE-*+l, MSGBUF-*+5, 10, A, 5,6, I, X 

SQP REQOK-*-l 
RTJ REQREJ 

REQOK RTJ+ CORSUB 
JMP- (ADISP) 

WROTE SQP 2 
RTJ IOERR 
SCHDLE REL,4,X 
SQP 2 
RTJ REQREJ 
SCHDLE (SYSPGM), 4, ° 
SQP 2 
RTJ REQREJ 
JMP- (ADISP) 

REL RELEAS 0, T, ° 
END MMPGM 

In this solution, if the completion routine is entered before the RTJ+ to CORSUB is finished, 
REL and SYSPGM will be put on the scheduler stack to be executed after the completion exit 
to the dispatcher allows MMPGM to be picked up from the interrupt stack. 

Another possible correction to the program, perhaps better, would be s imp I y to change the 
completion priority in the FWRITE request from 6 to 3. That would insure that any priority 4 
work would be finished before the release is executed. However, this would cause the space 
MMPGM is in to be tied up until SYSPGM is finished, which was not the intent. 
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c) 
********pp******** 
0001 *p 
0002 *ASSEM 
********Op******** 
********UD******** 
0003 POOOO 0000 
********OP******** 
********UD******** 
0004 P0001 0000 
0005 0000 
0006 0000 OBOO 
0007 0001 7FFF X LOWCOR 
0008 OOFE 
0009 OOFE OOBD P TEMP1 
0010 OOFF 0000 INDEX2 
0011 0100 0000 ABSRNG 
0012 0002 P 
0013 P0002 0000 RELOW 
0014 * 

::q 0015 * 
I 

0016 * I-' 

0017 * 
0018 * 
0019 *LABEL* 
0020 P0003 COFE 
0021 P0004 C2FE 
0022 P0005 C1FE 
0023 P0006 C3FE 
0024 P0007 C020 
0025 P0008 C014 
********FX******** 
0026 P0009 COOO 
********PL******** 
0027 POOOA C002 
********RL******** 
0028 POOOB COlO 
* * ** ** * *RL* ** * ** ** 
0029 POOOC COOO 
********UD******** 
0030 POOOD COOO 

n 

NAM L 

NAM DAN 
ORG 0 
NOP 
0 DPNDNT 
ORG $FE 
0 ANYWHR 
0 0 
0 0 
ORG* 
0 0 

1700 
ADDRESSING EXAMPLES 
ASSEMBLED UNDER MSOS 2. 0 
OCT. 1968 

SET ABSOLUTE ADDRESS 

EXTERNAL SYMBOL 
RE-SET ABSOLUTE ADDRESS 

1700 ASSEMBLY EXAMPLES 
********STORAGE REFERENCE******** 

**GROUP 1** 

C.' 

EVALUATION OF ADDRESS FIELD RESULTS IN DESIRED OPERAND ADDRESS 
*ABSOLUTE* 
*OPN* *ADDRESS* *DESCRIPTION* *BA* *EFA* 

LDA- TEMPI NO INDEXING TEMP1 TEMP1 
LDA- TEMP1, Q Q INDEXING TEMPI TEMP1+(Q) 
LDA- TEMP1, I I INDEXING TEMPI TEMP1 +(OOFF) 
LDA- TEMPI, B DOUBLE INDEXING TEMPI TEMP1+(Q)+(00FI 
LDA- $20 NUMERIC HEX EXAMPLE 20 HEX 20 HEX 
LDA- 20 NUMERIC DEC EXAMPLE 20 HEX 20 DEC 

LDA- ABSRNG 4DELTA OUT OF RANGE 

LDA- RELOW PROGRAM RELOCATABLE ADDRESS 

LDA- BLOCK6 DATA RELOCATABLE ADDRESS 

LDA- BLOCK3 COMMON RELOCATABLE 

LDA- UNDEFINED UNDEFINED SYMBOL 

~ 



0032 
0033 
0034 POOOE C822 
0035 POOOF CA21 
0036 P0010 CB20 
0037 P0011 C8FC 
0038 P0012 C8FD 
0039 P0013 181D 
********RL******** 
0040 P0014 C017 
* ** * ** **RL* ** * * * ** 
0041 P0015 COlO 
* ** *** **RL***** *** 
0042 P0016 COOOO 

********FX******** 
0043 P0017 COA6 

p:: 
I 

l\:) 

0045 
0046 
0047 
0048 
0049 P0018 C800 

P0019 0017 
0050 P001A C800 

P001B 00A2 
0051 P001C CAOO 

P001D OOAO 
0052 POOlE 5800 

P001F 009E 
0053 P0020 C400 

P0021 OOFE 
0054 P0022 C400 

P0023 0500 
0055 P0024 C800 
0056 P0025 0000 

(~ 

* *RELATIVE* 
*LABEL* *OPN* *ADDRESS* *DESCRIPTION* *BA* *EFA* 
BAKREL LDA* RELADR DELTA=RELADR+(-*) RELADR RELADR 

LDA* RELADR,Q DE L T A= RE LADR+ (- *) RELADR RELADR+(Q) 
LDA* RELADR,B DELTA=RELADR+(-*) RELADR RELADR+(Q)+(OOFF) 
LDA* BAKREL DELTA=BAKREL+(-*) BAKREL BAKREL 
LDA* *-2 DELTA+*-2+(-*) *-2 *-2 
JMP* RELADR JUMP ADDRESS=EFA RELADR RELADR 

LDA* TAGLRM-BAKREL FORM RELATIVE ADDRESS 

LDA* $10 ABSOLUTE ADDRESS 

LDA* ABSRNG ABSOLUTE ADDRESS 

LDA* ANYWHR DELTA OUT OF RANGE 

* ****CONTINUATION OF STORAGE REFERENCE**** 
* 
* *LONG RELATIVE* 
*LABEL* *OPN 

LDA 

LDA 

LDA 

RTJ 

LDA 

LDA 

LDA* 
TAGLRM 0 

*ADDRESS* 
RELADR 

ANYWHR 

ANYWHR,Q 

ANYWHR 

TEMP1 

$500 

* 
0 

(\ 
) 

****GROUP 1**** 

*DESCRIPTION* *BA* *EFA* 
M=RELADR+(-*. +1) RELADR RELADR 

M=16 BIT REL ADDRESS ANYWHR ANYWHR 

Q INDEXING ANYWHR ANYWHR+(Q) 

JUMP ADDRESS=EFA ANYWHR ANYWHR 

ABSOLUTE ADDRESS, ASSEMBLED AS STORAGE 

ASSEMBLED AS STORAGE MODE 

WORD ONE OF LONG RELATIVE 
WORD TWO OF LONG RELATIVE 

n 



0 0 (" 

"--' 
0058 * *STORAGE* 
0059 *LABEL* *OPN* *ADDRESS* *DESCRIPTION* *BA* *EFA* 
0060 P0026 C400 BACIND LDA+ ANYWHR 2ND WORD=ANYWHR ANYWHR ANYWHR 

P0027 OOBD P 
0061 P0028 C600 LDA+ ANYWHR,Q Q INDEXING ANYWHR ANYWRR+(Q) 

P0029 OOBD P 
0062 P002A C700 MEMADR LDA+ $500, B NUMERIC EXAMPLE $500 $500+(Q)+(00FF) 

P002B 0500 
0063 P002C C400 LDA- (0) WORD ONE Of!' ~TORAGE MODE 
0064 P002D 0000 TAGSM 0 0 WORD TWO OF STORAGE MODE 
0065 P002E 5400 RTJ+ ANYWHR JUMP ADDRESS=EFA ANYWHR ANYWHR 

P002F OOBD P 

0067 * 
0068 * 
0069 * EVALUATION OF ADDRESS FIELD RESULTS IN DESIRED ADDRESS OF OPERAND ADDRESS 
0070 * *INDIRECT* 
0071 *LABEL* *OPN* *ADDRESS* *DESCRIPTION* *BA* *EFA* 
0072 P0030 C4FE RELADR LDA- (TEMPI) DELTA=TEMPI (TEMPI) (TEMPI) 
0073 * LDA- (TEMPl),Q DELTA=TEMPI (TEMPI) (TEMPl)+(Q) 

~ 0074 * LDA- . (TEMPl),B DELTA=TEMPI (TEMPI) (TEMPI )+(Q)+(OO FF) 
I 0075 P0031 C4FF LDA- (TEMPl+l) DELTA=TEMPI + 1 (TEMPl+l) (TEMPl+l) ~ 

0076 P0032 C420 LDA- ($20) DELTA=$20 ($20) ($20) 
0077 P0033 14FE JMP- (TEMPI) JUMP ADDRESS=EFA (TEMPI) ANYWHR 

0079 * *STORAGE INDIRECT* 
0080 *LABEL* *OPN* *ADDRESS* *DESCRIPTION* *BA* *EFA* 
0081 P0034 C600 RELIND LDA+ (BACIND+l), Q 2ND WORD=BACIND+l (BACIND+l) ANYWHR+(Q) 

P0035 8027 P 
0082 P0036 C700 LDA+ (MEMADR+l), B 2ND WORD=MEMADR+l (MEMADR+l) $500+(Q)+(00 FF) 

P0037 802B P 
0083 P0038 C400 LDA+ ($700) NUMERIC EXAMPLE ($700) ($700) 

P0039 8700 
0084 P003A 5400 RTJ+ (BACIND+l) JUMP ADDRESS=EFA (BACIND+l) ANYWHR 

P003B 8027 P 

0086 * *RELA TIVE INDIRECT* 
0087 *LABEL* *OPN *ADDRESS* *DESCRIPTION* *BA* *EFA* 
0088 P003C CCEA LDA* (BACIND+l) DELTA=BACIND+ 1 +(-*) (BACIND+l) ANYWHR 
0089 P003D CDED LDA* (MEMADR+l), I DELTA=MEMADR+ 1 +(-*) (MEMADR+l) $500+(00FF) 
0090 P003F CFF6 LDA* (RELIND+l), B DELTA=RELIND+ 1 +(-*) (RELIND+l) ANYWHR+(Q)+(OOFF) 



0092 * *LONG RELATIVE INDIRECT* 
0093 *LABEL* *OPN* *ADDRESS* *DESCRIPTION* *BA* *EFA* 
0094 P003F CCOO LDA (BACIND+1) M=BACKIND+(-*)+l (BACIND+1) ANYWHR 

P0040 FFE6 
0095 P0041 CEOO LDA (ANYWHR),Q 16 BIT REL ADDRESS (ANYWHR) (ANYWHR)+(Q) 

P0042 007B 
0096 P0043 C400 LDA ($700) ASSEMBLED AS STORAGE INDIRECT 

P0044 8700 

0098 * ****CONTINUATION OF STORAGE REFERENCE**** 
0099 * ****GROUP 3**** 
0100 * EVALUATION OF ADDRESS FIELD RESULTS IN DESIRED OPERAND 
0101 * N = NUMERIC X = ADDRESS A = ALPHANUMERIC 

0103 * *CONSTANT* 
0104 *LABEL* *OPN* *ADDRESS* *DESCRIPTION* *BA* *EFA* 
0105 P0045 COOO LDA =N1000 NUMERIC EXAMPLE DEC P+1 P+1 

P0046 03E8 
~ 0106 P0047 COOO LDA =N$1000 NUMERIC EXAMPLE HEX P+1 P+1 I 
..p.. P0048 1000 

0107 P0049 COOO LDA =N-$1000 NUMERIC EXAMPLE NEG P+1 P+1· 
P004A EFFF 

0108 P004B COOO LDA =XBACIND ADDRESS EXAMPLE P+1 P+1 
P004C 0026 P 

0109 P004D COOO LDA =X-BACIND ADDRESS EXAMPLE NEG P+1 P+1 
P004E 7FD9-P 

0110 P004F COOO LDA =ABC ALPHA EXAMPLE P+1 P+1 
P0050 4243 

0111 P0051 C200 LDA =N$1000, Q RA=(P+1) *INDEXING* $1000 OPERAND 
P0052 1000 

0112 P0053 COOO LDA- 0 WORD ONE OF CONSTANT MODE 
0113 P0054 0000 TAGCM 0 0 WORD TWO OF CONSTANT 
********EX******** 
0114 P0055 6400 STA =N$O ASSEMBLER WILL NOT ALLOW 

P0056 0000 
0115 P0057 COOO LDA =X-4 NUMERIC WITH ADDRESS INDICATOR 

P0058 7FFB 
0116 P0059 COOO LDA =X(BACIND) SET INDIRECT BIT ON ADDRESS VALUE 

P005A 8026 P 

f\ f) r----"'\ 
I / . /' 



o 
0118 
0119 
0120 
0121 P005B 0847 
0122 P005C 080C 
0123 P005D 0811 
0124 P005E 0823 
0125 P005F 081C 
01 ~(i 
01~7 

01~H 

0129 
0130 
0131 

P0060 0801 
P0061 0854 
1>0062 0834 
POO():~ 086A 
POO()--! 08B2 
POOG5 08F4 

*****~~~EX******** 

0132 P0066 0820 

0134 
~, 0135 
01 0136 

0137 P0067 0105 
0138 P006H 0156 
0139 P0069 0115 
-1- *******EX* * ****** 
0140 P006A 0120 

. ********EX******** 
0141 P006B 013A 

0143 
0144 
0145 
0146 P006C OFAC 
0147 P006D OFD2 
0148 P006E OF7F 
0149 P006F OBOA 
0150 P0070 OF53 
0151 P0071 OF5F 
0152 P0072 OFDA 

* 
* 
*LABEL* 

* 
* 
*LABEL* 

* 
* 

o c~ 

********REGISTER TRANSFER******** 
EVALUATION OF ADDRESS FIELD RESULTS IN DESIRED DESTINATION HEGISTER 

*OPN* 
CLR 
THlVl 
TRQ 
TAA 
TRB 
SET 
TCQ 
AAQ 
EAM 
LAQ 
CAQ 

TAA 

*ADDHESS* 
A,Q,1\'1 
A 
M 
Q,M 
A 
M 
A 
A 
Q 

Q 
A 

x 

*DESCRIPTION* 
CLEAH A Q AND 1\1 REGISTERS 
TRANSFER 1\'1 TO A 
TRANSFER Q TO M 
TRANSFER A TO Q AND 1\1 
TRANSFER INCLUSIVE OR OF M Q TO A 
SET M TO ALL ONES 
TRANSFER THE COMPLEMENT OF Q TO A 
TRANSFER SUM OF A Q TO A 
TRANSFER EXCLUSIVE OR OF A M TO Q 
TRANSFER LOGICAL AND OF A Q TO Q 
TRANSFER COMPLEMENT OF LOGICAL AND OF A Q TO A 

ILLEGAL DESTINATION REGISTER 

********SKIPS******** 
EVALUATION OF ADDRESS FIELD RESULTS IN DESIRED SKIP COUNT 

*OPN* 
SAZ 
SQN 
SAN 

SAP 

SAM 

*ADDRESS* 
5 
SKI PAD .. *-1 
SKI PAD 

$10 

-5 

*DESCRIPTION* 
IF(A) IS 0 SKIP FORWARD 6 PLACES ++l+SKIPCOUNT 
IF(Q) NEG SKIP TO SKIPAD (NON ABSOLUTE METHOD) 
SKIP COUNT OUT OF RANGE 

SKIP COUNT OUT OF RANGE 

NEG SKIP COUNT 

********SHIFTS******** 
EVALUATION OF ADDRESS FIELD RESULTS IN DESIRED SIDFT COUNT 

*LABEL* *OPN* *ADDRESS* 
12 

*DESCRIPTION* 
QLS 
ALS 
LRS 

SKI PAD NOP 
ARB 
ARB 
ALS 

$12 
31 
10 
$33 
DELTA 
-5 

LEFT SHIFT Q 12 DECIMAL POSITIONS 
LEFT SIDFT A 12 HEX POSITIONS 
RIGHT SHIFT Q/ A 31 DECIMAL POSITIONS (31:::: MAX) 
WAIT XX MICROSECONDS 
SHIFT COUNT GREATER THAN $31 
SYMBOLIC SHIFT COUNT 
NEG SHIFT' COUNT 



~ 
I 
m 

0154 
0155 
0156 
0157 P0073 OA75 
0158 P0074 OCEA 
0159 P0075 OA7F 
********EX******** 
0160 P0076 OA80 
********EX******** 
0161 P0077 OA01 
0162 P0078 OA1F 
0163 P0079 OAEO 
********EX******** 
0164 P007 A OAFF 
********EX******** 
0165 P007B OA02 
********EX******** 
0166 P007C OA10 
********EX******** 
0167 P007D OAOO 
0168 P007E 09FE 
0169 P007F OD25 
0170 P0080 0206 
********EX******** 
0171 P0081 0287 
0172 P0082 0400 
0173 P0083 0500 
0174 P0084 OE04 
0175 P0085 0600 
0176 P0086 0700 
0177 P0087 0000 
0178 00lF 

r, 

* 
* EVALUATION OF ADDRESS FIELD RESULTS IN VARIOUS PORTIONS OF ASSEMBLED INSTS 
*LABEL* *OPN* 

ENA 
ENQ 
ENA 

REJCTA 

ENA 

ENA 
ENA 
ENA 

ENA 

ENA 

ENA 

ENA 
INA 
INQ 
INP 

INP 
EIN 
IIN 
EXI 
SPB 
CPB 
SLS 
EQU 

*ADDRESS* 
$75 
-$15 
127 

128 

257 
DELTA 
-DELTA 

INDEX2 

RELOW 

BLOCK6 

BLOCK3 
-1 
$25 
REJCTA-*-l 

REJCTA 
o 
o 
4 
o 
o 
o 
DELTA($lF) 

f) 

*DESCRIPTION* 
ENTER A WITH VALUE SPECIFIED IN ADDRESS FIELD 
NEG EXAMPLE 
DEC EXAMPLE (MAX VALUE) 

NEG. NUMERIC VALUE 

OUT OF RANGE NUMERIC VALUE 
POSe SYMBOLIC VALUE 
NEG. SYMBOLIC VALUE 

NEG. SYMBOLIC VALUE 

PROGRAM RELOCATABLE VALUE 

DATA RELOCATABLE VALUE 

COMMON RELOCATABLE VALUE 
INCREASE A BY THE VALUE SPECIFIED IN ADDRESS FD 
INCREASE Q 
INPUT TO A REJECT ADDRESS-P+1+DELTA 

DELT OUT OF RANGE 
ENABLE INTERRUPT SYSTEM 
INHIBIT INTERRUPT SYSTEM 
EXIT INTEHRUPT ADDRESS FIELD = INTERRUPT 
SET PROTECT BIT (Q) = ADDRESS 
CLEAR PROTECT BIT (Q) = ADDRESS 
STOP IF STOP KEY SET 

EQUATE SYlVIBOLIC VALUE FOR ABOVE USE 

r--"', 
. j 



C) o C) 

0180 * ********CLASS 2 PSEUDOS******** 
0181 * *ADC* ADDRESS CONSTANT PSEUDO 
0182 * THE ADDRESS EXPRESSIONS IN SUBFIELD ARE ASSEMBLED INTO CONSECUTIVE CELL 
0183 * LOCATIONS. IF ADDRESS EXPRESSION IS ENCLOSED IN PARENTHESIS THE ADDRESS 
0184 * BECOMES INDIRECT. 
0185 *LABEL* *OPN* *ADDRESS* 
0186 P0088 0030 P ADLIST ADC RELADR, BACIND, (MEMADR), -RELADR 

P0089 0026 P 
P008A 802A P 
POO~B 7FCF-P 

0187 P008C 7FFO o -$F TREATED AS ONE WORD ADC 

::c: 
I 0189 ..::J * *NUM*NUMERIC CONSTANT PSEUDO 

0190 * THE NUMERIC EXPRESSIONS IN SUBFIELD ARE ASSEMBLED INTO CONSECUTIVE CELL 
0191 * LOCATIONS. THE CONSTANTS CAN BE EITHER DECIMAL OR HEX VALUES. 
0192 *LABEL* *OPN* *ADDRESS* 
0193 P008D 1000 CONLST NUM $1000, 1000, -$1000, -100 

P008E 03E8 
P008F EFFF 
P0090 FF9B 

0195 * *ALF* ALPHANUMERIC MESSAGE PSEUDO 
0196 * THE ADDRESS FIELD CONTAINS THE NUMBER OF CELLS TO BE RESERVED FOR THE 
0197 * REMAINING CHARACTERS IN FIELD. 
0198 *LABEL* *OPN* *ADDRESS* 



0200 * 
0201 * 
0202 * 
0203 * 
0204 * 
0205 

0207 * 
0208 * 
0209 * 
0210 * 
0211 

~ 0212 * I 
00 0213 P0091 5400 X 

P0092 0001 X 
0214 P0093 OBOO 
0215 P0094 5400 X 

P0095 0092 X 
0216 P0096 OBOO 
0217 P0097 5401 
0218 P0098 OBOO 
********EX******** 
0219 P0099 5400 X 
0220 P009A OBOO 
********EX******** 
0221 P009B 5000 X 

r~) 

I 

*****CONTINUATION OF CLASS 2 PSEUDOS***** 
*ENT* ENTRY PSEUDO 

TillS PSEUDO WILL CAUSE A BINARY OUTPUT WHICH WILL ALLOW -EXTERNAL 
SYMBOLS OF OTHER PROGRAMS TO BE DEFINED AT *LOAD TIME* 

*OPN* 
ENT 

*ADDRESS* 
START, BACIND 

*EXT* EXTERNAL PSEUDO 
TillS PSEUDO WILL ALLOW SYMBOLIC VALUES UNDEFINED IN THE INDEPENDENT 
PROGRAM TO BE MATCHED WITH ENTRY VALUES AND DEFINED AT LOAD TIME. 

*OPN* *ADDRESS* *DESCRIPTION* , 
EXT DPNDNT DPNDNT WILL BE MATCHED WITH ENTRY POINT 

AT LOAD TIME. 
RTJ DPNDNT DPNDNT IS UNDEFINED IN CURRENT ROUTINE 

NOP 
RTJ 

NOP 
RTJ­
NOP 

DPNDNT 

(LOWCOR) 

RTJ* DPNDNT 
NOP 

RTJ- DPNDNT 

/\ 
I 

ASSEMBLED AS STORAGE 

INDIRECT LINKING 

r~ 
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0223 
0224 
0225 
0226 
0227 
0228 0100 

009C P 

0230 
0231 
0232 
0233 
0234 
0235 P009C OBOO 
0236 P009D 0010 
0237 POOAD OBOO 

0239 

~ 0240 
I 0241 c.o 

0242 POOAE OBOO 
0243 POOAF 0005 
0244 POOB4 OBOO 

0246 
0247 
0248 
0249 
0250 
0251 0000 C 

0030 C 

0253 
0254 
0255 
0256 
0257 0000 D 

0010 D 
0258 POOB5 OBOO 

* 
* *EQU* 
* 
* 
* 

o (--\ 
,-.-/ 

****CLASS 3 PSEUDOS**** 
EQUATE PSEUDO 
TillS PSEUDO WILL CAUSE A SYMBOLIC VALUE TO BE EQUATED TO ANOTHER 
SYMBOLIC VALUE OR TO A NUMERIC VALUE AND PLACED IN SYMBOL TABLE. 

*OPN* 
EQU 

*ADDRESS* 
START($100), HERE(*) 

* *BSS* BLOCK STORE PSEUDO 
* TillS PSEUDO WILL CAUSE A RESERVATION OF THE NUMBER OF CELLS SPECIFIED 

BY THE VALUE IN THE ADDRESS FIELD. THE CONTENTS OF THESE CELLS WILL BE 
UNCHANGED AT LOAD TIME. 

*LABEL* *OPN* 
NOP 
BSS 
NOP 

*ADDRESS* 
o 
BLOCK8($10) 
o 

*DESCRIPTION* 
INDICATOR TO SHOW CURRENT ADDRESS 

INDICATOR TO SHOW CURRENT ADDRESS 

* *BZS* BLOCK ZERO STORE PSEUDO 
* SAME AS BSS EXCEPT CELLS WILL BE SET TO ZERO AT LOAD TIME. 
*LABEL* *OPN* 

NOP 
*ADDRESS* 
o 
BLOCK9($5) 
o 

*DESCRIPTION* 
INDICATOR TO SHOW CURRENT ADDRESS 

BLOCK2 BZS 

* *COM* 
* 
* 
* 
* 

* *DAT* 
* 
* 
* 

NOP INDICATOR TO SHOW CURRENT ADDRESS 

COMMON STORAGE PSEUDO 
THE NAME OF THE BLOCKS AND THE SIZE ARE DEFINED IN THE ADDRESS FIELD 
OF PSEUDO. THE STORAGE AREA WILL BE ASSIGNED TO THE AREA OF THE 
LOADER AT LOAD TIME. 

*OPN* 
COM 

* ADDRESS* *DESCRIPTION* 
BLOCK3($30), BLOCK4($100) BLOCK4=BLOCK3+$30 

DATA STORAGE PSEUDO 
THE METHOD OF RESERVATION IS THE SAME AS COM EXCEPT THE AREA CAN 
BE PRESET. 

*OPN* 
DAT 

NOP 

* ADDRESS* *DESCRIPTIQN* 
BLOCK5($10), BLOCK6($20*$20) 

o INDICATOR TO SHOW CURRENT ADDRESS 



0260 * METHODS OF PRESETTING DATA IN DATA AREA 
0261 * ALSO SHOWN IS ILLEGAL USE OF COMM AREA 

0263 0000 D ORG BLOCK5 PRESET TO DATA AREA 
0264 DOOOO 0088 P ADC ADLIST, MEMADR, CONLST, HERE, (WORD2A) 

DOOOI 002A P 
D0002 008D P 
D0003 009C P 

********UD******** 
D0004 8000 

0265 D0005 0001 NUM 1,2,3,4,5 
D0006 0002 
D0007 0003 
D0008 0004 
D0009 0005 

0266 00B6 P ORG* 0 RESET TO NORMAL COUNTER 

~ 
0267 POOB6 OBOO NOP 0 INDICA TOR TO SHOW CURRENT ADDRESS 

I *** * ** **RL*** * ** ** I-' 
0 0268 0000 ORG BLOCK3 SET COUNTER TO COMMON AREA 

0269 POOB7 0001 NUM 1,2,3,4, 5 ILLEGAL TO SET DATA IN COMMON 
POOB8 0002 
POOB9 0003 
POOBA 0004 
POOBB 0005 

0271 * ********CLASS 1 PSEUDOS******** 
0272 * NAM NAME PSEUDO 
0273 * THE NUMERIC VALUE IN LABEL FIELD WILL SET PROGRAM COUNTER TO AN 
0274 * ABSOLUTE VALUE. THE ADDRESS FIELD CONTAINS THE PROGRAM NAME. 
0275 * ONLY ONE NAM ALLOWED PER PROGRAM. NAM IS USED TO IDENTIFY INDE-
0276 * PENDENT PROGRAMS. 

0278 * ORG PROGRAM COUNTER CONTROL PSEUDO 
0279 * COUNTER. IF NUMERIC IS USED PROGRAM WILL BE ASSEMBLED ABSOLUTE. 

() .f\ (\ 
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t-l 
t-l 

r-) 
l 
• l 

0281 
0282 
0283 
0284 

* 
* 
* 

n (': 

ORG* RETURN PROGRAM COUNTER PSEUDO 
USED TO RETURN COUNTER TO NORMAL VALUE 

*ADDRESS* *DESCRIPTION* 

0285 POOBC OBOO 

*OPN* 
ORG* 
NOP o INDICATOR TO SHOW CURRENT ADDRESS 

0287 

0289 
0290 
0291 
0292 
0293 
0294 
0295 

I 
RELOW 
TAGSM 
REJCTA 
HERE 
BLOCK5 

030 ERRORS 

OOBD P EQU ANYWHR(*) 

* *END* END PSEUDO 
* MUST BE LAST CARD OF EACH PROGRAM, SYMBOL IN ADDRESS FIELD IS THE 
* ADDRESS CONTROL WILL BE TRANSFERRED TO AT LOAD TIME. 
* *OPN* 

* 
* 

END 

OOFF LOWCOR 
0002P BAKREL 
0002DP RELADR 
0087P DELTA 
009CP BLOCK8 
OOOOD BLOCK6 

*ADDRESS* 

START 

0001 TEMPI 
OOOEP TAGLRM 
0030P RELIND 
001F ADLIST 
009DP BLOCK9 
0010D ANYWHR 

OOFE 
0025P 
0034P 
0088P 
OOAFP 
OOBDP 

INDEX2 OOFF ABSRNG 0100 
BACIND 0026P MEMADR 002AP 
TAGCM 0054P SKI PAD 006FP 
CONLST 008DP START 0100 
BLOCK3 OOOOC BLOCK4 0030C 
DPNDNT 0095X 
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APPENDIX I 

COMMUNICATION REGION 

The communication region is the area of core below FF 16. It can be addressed directly by a 
one-word instruction. Contents are defined by the follow i n g table. All locations are pro­
tected except as noted. EQU names are noted also. 

",Location Contents HEX Equivalent 

o &1 Reserved for the system 
LPMASK ... 2 0000000000000000 0 . 

3'. 0000000000000001 1 
4 0000000000000011 3 
5. 0000000000000111 7 

___ a~. 
• __ ._.,. ___ .~ .... _____ ._K"--"'~' OOOOOOOOOOOOllll~ F -. _. ,~. --' - .".... ..~ .-, .-... -.~.~~. __ J'-

7 000000000001111Jl 1F 
8 

I-.~ ..... _.~ .... ~ 

000000000011111~ 3F 
9'· 0000000001111111 7F 

A- 0000000011111111 FF 
B 0000000111111111 1FF 
C 0000001111111111 3FF 
l) 0000011111111111 7FF 
E 0000111111111111 FFF 
E 0001111111111111 1FFF 

l(t 0011111111111111 3FFF 
.---l-L-_--------.. ---Jf~~_!!!.!!!lJJlJl~.--- 7FFF 

NZERO .. 12 1111111111111111 FFFF 
. --, .......... _--' ...... _ ..... ~' ___ ~ •. "''''·''_K_'~. _." .. _,...:.,.~ ........ ,_ .. _., .. ,,_.~.~._ ->-.1'".,;:, ... "-............ ~-.--.,~""---- •• ,---,,...~-.~ ... --' .. "~ • 

13 111111111111111~ FFFE 
14 1111111111111100 FFFC 
15 1111111111111000 FFF8 
16 1111111111110000 FFFO 
17 1111111111100000 FFEO 
18 1111111111000000 FFCO 
19 1111111110000000 FF80 
1A 1111111100000000 FFOO 
1B 1111111000000000 FEOO 
1C 1111110000000000 FCOO 
1D 1111100000000000 F800 
1E 1111000000000000 FOOO 
1F 1110000000000000 EOOO 
20 1100000000000000 COOO 
21 1000000000000000 8000 

ZERO .. 22 pOOOOOOOOOOOOOOO 0000 

1-1 



Location Contents HEX Equivalent 

ONE BIT ... 23 0000000000000001 0001 
24 0000000000000010 0002 
2.5 0000000000000100 0004 
26 0000000000001000 0008 
2[1 0000000000010000 0010 
28 0000000000100000 0020 
29 0000000001000000 0040 
2A 0000000010000000 0080 
2B 0000000100000000 0100 
2C 0000001000000000 0200 
2D oooootOOOOOOOOOO 0400 
2E 0000100000000000 0800 
2F 0001000000000000 1000 
30 0010000000000000 2000 
31 0100000000000000 4000 
32 1000000000000000 8000 

ZROBIT ... 33 1111111111111110 FFFE 
34 1111111111111101 FFFD 
35 1111111111111011 FFFB 
36 1111111111110111 FFF7 
37 1111111111101111 FFEF 
38 1111111111011111 FFDF 

r-. 
39 1111111110111111 FFBF 
3A 1111111101111111 FF7F 
3B 1111111011111111 FEFF 
3C 1111110111111111 FDFF 
3D 1111101111111111 FBFF 
3E 1111011111111111 F7FF 
3F 1110111111111111 EFFF 
40 1101111111111111 . DFFF 
41 1011111111111111 BFFF 
42 0111111111111111 7FFF 
43 5 
44 6 
45 9 
46 A16 

47 through B2 Reserved for process 
B3 Logical unit number of scratch unit 
B4 Top of thread of entries in schedule stack 
B5 Address of FNR 
B6 Address of COMPRQ 
B7 Address of mask table 
B8 Address of top of interrupt stack 
B9 Address of request exit 
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Location 

''"'''~,. BA 
\...../ BB 

BC 
BD 
BE 
BF 
CO 
Cl 
C2 
C3 

C4 

C5 through E3 
E4 
E5 
E6 
E7 
E8 
E9 
EA 
EB 

( ' . EC 
\---...- .. / ED 

EE 
EF 
FO 
Fl 
F2 
F3 
F4 
F5 
F6 
F7 
F8 
F9 
FA 
FB 
FC 
FD 
FE 
FF 

Contents HEX Equivalent 

Address of volatile storage release routine - VOLR 
Address of volatile storage assignment routine - VOLA 
Address of absolutizing routine for logical unit number 
Address of S absolutizing routine 
Address of C absolutizing routine 
Address of N absolutizing routine 
Most significant bits of first scratch area sector number 
Least significant bits of first scratch area sector number 
Logical unit number of the library unit 
Most significant bits of sector number of first program library di­
rectory block 
Least significant bits of sector number of first pro g ram library 
directory block 
Reserved for FORTRAN (unprotected) 
Used for load and. go (unprotected) 
Address of timer handler 
Length of system library directory 
Index to firs t mas s storage entry in the s y s tern library direc tory 
Countdown register 
Real time clock 
Address. of dispatcher 
Address of sys tern library directory 
Temporary highest unprotected location + 1 
Temporary lowest unprotected location - 1 
Used by job processor for returns from loader, etc. 
Current priority level/- PRLVL 
Address of firs t available volatile storage 
Length of table of presets 
Address of table of presets 
Address of breakpoint program when in core (unprotected) 
Address of entry for system requests (unprotected) 
Highest core location - MAXCOR 
Highes t unprotected location + 1 
Lowes t unprotected location - 1 
Address of internal interrupt processor 
Logical unit number of standard input device 
Logical unit number of standard binary output device 
Logical unit number of standard print output device 
Logical unit number of output comment device 
Logical unit number of input comment device 
Address of the common interrupt handler 
Memory index (unprotected) - I register 
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INDEX 

CJ~~· absolute addressing 5-49 comment field 3-5 

absolute addressing mode common block 6-12, 9-6, 11-15 
one-word 5-7 

communications region 11-1 
one-word indirect 5-8 
two-word 5-8, 5-52 completion address 8-8, 8-16 
two-word indirec t 5-9 

conditional assembly 6-15, 6-18 
absolutized program 11-10, 11-12 

configuration 1-10 
absolutizing addresses 11-17 

console 1-11 
absolutizing programs 14-5 

constant addressing mode 5-3, 5-49 
adder 2-6, 5-35 

continuator, driver 13-3 
address expressions 5-5 

control statements 
address field 3-3 job processor 9-2, 9-7 

addressing modes 5-2, 5-13 
breakpoint 9-18 
recovery 9-24 

allocatable core 
conversion 5-45 

11-1, 11-38, 11-43, 11-47 

alphanumeric characters 6-7 
core request 8-55 

C· arithmetic 2-1 
core size 1-1, 1-6 

r-·"· cylinder 12-41 
-"". assembler errors 9-13 

assembler format 3-2 
data block 6-12, 6-14, 9-5 

as sembling a program 9-2 
debugging 9-13 

automatic res tart 1-3 
delta 5-1 

background 8-1, 8-4, 9-1, 11-1 
device assignment 9-7, 9-17 

basic assembler 6-1 
device failure 9-15 

breakpoint package 9-17 
direct access channel (1705) 

1-3, 1-6, 12-36 
buffer data channel 12-66 

disk 7-:12 
card reader 12-23 

dispatcher 11-3, 13-9, 13-13 
characteristics of 1700 1-1 

drivers 13-5, 13-9 
checksum 12-9 

drum 12-48 
checkword, disk 12-38 

entering memory 1-12 
CKASSM program 8-61 

\ ...... ,..... ._.. .J 



entry points 

error bit in Q 

INDEX (CONT) 

6-2 

8-16, 8-17, 8-19 

error checking, peripherals 12-63 
als 0 see error bits on each peripheral 

error section, driver 

executing a program 

execution times 

13-4 

9-7 

shift class 5-32 
storage reference class 5-32 

exits 

EXIT request 

8-7, 11-3, 11-30., 11-38 

8-7 

externals 
6-2, 9-5, 11-14, 11-46, 11-49 

floating point numbers 

flow of program 

foreground 

FREAD request 

function codes 

2-7 

11-11 

8-1, 8-4, 11-1 

8-8 

see specific peripheral 

FWRITE request 

GTFILE request 

hexadecimal numbers 

8-8 

8-47, 14-3 

2-1 

11-3 idle loop 

indexing 

INDIR reques t 

indirect addressing 

initiator, driver 

instruction classes 

3-4, 5-13, 5-15, 5-50. 

8-59, 8-61 

5-53 

13-1 

5-1 

interregister instructions 5-34 

input/output 1-6, 5-44, 7-1 
buffered 7-11, 12-36, 12-48, 12-66 
functj.ons 7 -5, 7 -12 

input/ output 
interrupts 7-10., 13-1 
reply or reject 7-4 
requests 11-35 

priorities 11-35 
rejects 11-37 

status 7-9, 7-16 
unbuffered 7-1 

integer numbers 2-4 

interrupt 
handler, common 

11-3, 13-3, 13-9, 13-12 

line processor 
mode programming 
stack 
system 

13-3, 13-7 
13-1 
11-3 

1-3, 5-43, 7-10., 11-29, 13-1, 13-7 

job processor 9-1 

jump 5-22 

LIBEDT 14-1 

libraries 11-1, 11-12 . 

listing 3-5, 3-7 

load-and-go 9-3 

loader blocks 11-6 

loader errors 9-17 

LOADER request 8-54, 8-55 

loading a program 
9-6, 9-16, 14-2, 14-7 

location field 3-2 

logical operations "5-21, 5-36, 6-16 

logical units 8-19 

low-speed I/O package 7-3 

M 

macro assembler 

5-1 

6-1 
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INDEX (CONT) 

macros 6-16, 6-19 
sys tem macros 6-19 

magnetic tape 
1731 12-57 
1732 12-66 

manual interrupt 9-1 

mask regis ter 1-3 

masks 6-5 

mass memory program coding 11-42 

mass memory program replacement 

mass storage addressing 

mass storage files 

14-1 

8-15, 8-50 

8-47, 14-5 

mass storage operating system 8-1, 8-4 

memory 1-1 

memory parity 5-29 

MONI 8-2, 8-4 

object program 11-4 

opcode field 3-3 

options for assembly (OPT card) 

overflow 

paper tape punch 

paper tape reader 

parity bit 

physical devic e tables 

power failure 

printer 

2-7, 

7-5, 

6-20, 9-3 

5-24, 

8-11, 

8-11, 

5-28 

12-6 

12-1 

1-2 

8-44 

1-3 

12-29 

priorities 
hardware 

11-3, 11-24, 8-28, 8-30 
13-10 

I/O reques ts 
11-35, 11-38,. 8-9, 8-16 

priorities 
mass memory programs 
schedule reques ts 

11-47 
11-34 

space 

program library 

protect bit 

protect sys tem 

protected core 

pseudo-ops 

READ request 

real numbers 

record formats 

reentrant coding 

registers 

11-38, 11-43 

11-1, 11-12, 14-3 

1-2 

1-2, 5-29, 5-42 

11-1 

6-1 

8-8 

2-7 

8-10 

11-24 

1-7 

register reference instructions 5-40 

rejects 
input/output requests 11-35, 11-37 
schedule reques ts 7-4 

release request 11-40, 11-46 

relative addressing 
5-50, 11-14, 11-17, 11-19 

relative addressing mode 
one-word 5-10, 5-52 
one-word indirect 5-12 
two-word 5-12 
two-word indirect 5-13 

requests 8-1, 11-32 

REQXT 8-2, 8-4 

runanywhere coding 11-12 
buffer addresses 11-17 
externals 11-12 

schedule request 
11-32, 11-44, 8-8, 8-29, 8-36 



INDEX (CONT) 

scheduler stack 11-3 

sector 12-37 

shift ins tructions 5-31, 5-51 

short read 8-17, 8-47 

skip instructions 5-26, 5-51 

source program 11-4 

space request 11-39, 11-46 

STATUS request 8-42 

status responses 8-44 
also see specific peripheral 

storage reference addressing mode 5-18 

storage reference instructions 5-18 

storage reservation 6-10 

subroutine parameters 

swapping core 

sweeping memory 

system initializer 

system library 

5-37, 11-29, 11-32 

11-40 

1-13 

14-3, 14-6 

11-1, 11-12, 11-42 

system recovery package 

tape 

9-17 

see magnetic or paper 

teletypewriter 
1711/1712 
1713 

thread word 8-19, 

timer reques t 

track 

transfer address 

transferring records 

8-28, 

8-40, 

traps for interrupts 1-4, 13-2, 

8-10 
12-11 
12-17 

11-36 

11-34 

12-37 

6-2 

14-7 

13-7 

unprotected core 

utility assembler 

utility system 

utopia 

variable fields 

volatile storage 

word size 

WRITE request 

11-1 .- ..... ~-- -. 

6-1 

8-1, 8-4, 8-5 

14-9 

6-9 

11-26, 11-28, 11-30 

1-1, 1-2 

8-8 

-- '. 
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CONTROL DATA 
CORPORA TI ON 


