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APPENDIX B 

ASSEMBLER LEVEL PROGRAMMING OF THE 

H316 COMPUTER 

CONTENTS 

B-1 SUMMARY OF DAP-16MOD2 INSTRUCTIONS 

B-2 PROGRAMMING INSTRUCTIONS FOR HADIOS 

B-3 INPUT/OUTPUT MODIFICATION PROGRAM 

B-4 BASE SECTOR RELOCATION PROGRAM 

B-5 PUNCH INTERRUPT MODIFICATION



TABLE B-1.1 - SUMMARY OF DAP-16MOD2 INSTRUCTIONS 

  

  

        

MNEMONIC MEANING MNEMONIC MEANING 

ADD Binary add to A ocT Octal constant 
reg 

ALR Logical left OTA Output from A to 
rotate A peripheral 

ALS Arithmetic left OTK Output keys 
shift A 

ANA Logical AND to A 

AOA Add one to A SKP Unconditional 
[ skip 

ARR Logical right SKS Skip if sense line 
rotate A set 

ARS Arithmetic right SMI Skip if A negative 
shift A 

CAS Compare and skip SMK Set mask 

CRA Clear A SNZ Skip if A not 
zero 

SPL Skip if A positive 

DIV High speed divide SSM Set sigh minus 

ENB Enable CPU inter- STA Store A 
rupts 

ERA Exclusive OR to A STX Store index register 

IAB Interchange A SUB Subtract 
and B 

IMA Interchange Memory SZE Skip if zero 
and A 

INA Input to A from TCA Two's complement 
peripheral A 

INH Inhibit CPU 
Interrupts 

   



TABLE B-1.1 - continued 

  

  

  

MNEMONIC MEANING 

INK Input keys 

IRS Increment, replace 
and skip 

JMP Unconditional 
Jump 

JST Jump and store 
current location 

LDA Load A 

LDX Load index 
register 

LLL Long left shift 
of A and B 

LRL Long right shift 
of A and B 

MPY High Speed 
Multiply 

NOP No operation 

OcP Output control   pulse    



TABLE B-1.2 ~ SUMMARY OF DAP-16MOD2 PSEUDO 
  

OPERATIONS 

  

MNEMONIC MEANING 
  

ABS 

BCI 

BSZ 

DAC 

ORG 

    

Instructions following to 
have absolute addresses 

Binary coded information 

Block set to zero 

Define address constant 

The location of the next 
instruction 

Instructions following to 
have relative addresses 

Set base 

Variable field descriptor 

External address constant 

Zero address code 

Indirect operation (when 
in op. code) 

Address of this operation 
(when in address field) 

Octal constant 

Literal constant 

   



B-2-1 

B-2 PROGRAMMING INSTRUCTIONS FOR HADIOS 
  

The following is a summary of the programming 

instructions used to access the HADIOS controller 

and HADIOS subinterfaces. 

B-2.1 HADIOS CONTROLLER 

SKS 'XXYY - skip if controller not 

interrupting 

- YY is the device address of 

the controller (70) 

- XX is the controller highway 

address line (17) 

B-2.2 DIGITAL INPUT 

INA 'IIYY - input to 'A' register 

- II is the digital input highway 

address line (10) 

B-2.3 DIGITAL OUTPUT 

OTA 'OOYY - Output from 'A' register 

- 0O is the digital output highway 

address line (13) 

B-2.4 COUNTER INPUT



  

INA 

OTA 

SKS 

ocP 

'CCYY 

'DDYY 

"CCYY 

'CCYY 

'DDYY 

B-2-2 

input to 'A' register from 

counter input 8 bit register* 

*Counter Register is ; 

automatically cleared after an 

INA. 

CC is the first counter input 

highway address line (02) 

Output from 'A' register to 

preset the counter input 8 

bit register 

DD is the second counter input 

highway address line (03) 

skip if counter not interrupting 

enable half-full counter interrupt 

reset interrupt mode 

B-2.5 ANALOGUE INPUT 

OocP 

INA 

'AAYY 

' AAYY 

- start A.D.C. conversion cycle 

- AA is the first analogue input 

highway address line (00) 

input data to the 'A' register 

if conversion is complete - 

data enters the 10 most 

Significant bits of the 'A' 

register



OTA 'BBYY - output set up word to A.D.C. 

- BB is the second analogue 

input highway address line 

(01) 

The set up word has the following structure; 

(1) Bits 1,2,3,4,9 and 10 are ignored. 

(2) Bit 5 - set external trigger mode. 

(3) Bit 6 - set sequential address 

mode 

(4) Bit 7 - set free run mode 

(5) Bit 8 - set direct data transfer 

mode 

(6) Bits 11&12 - Multiplexer number (O to 3) 

(7) Bits 13-16 - Channel number (0 to 15) 

Thus, the usual set up word for the system used 

in this research is 

oO 000 010 000 MMN NNN 

where, MM = OO or O1 

and, N NNN = 00 to 15, 

B-2.6 CONTROLLER INTERRUPT BIT 

When using the HADIOS controller in an interrupt 

mode it is necessary to set the corresponding



interrupt flip-flop. To do this an SMK '20 

instruction is issued with bit 13 set in the 

'A' register.
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B-3 INPUT/OUTPUT MODIFICATION PROGRAM 

The program shown in Table B-3.1 permits the 

following input/output facilities in BASIC 

programs; 

(1) The setting of sense switch 3 causes 

data to be input from the high speed paper tape 

reader when an INPUT statement is executed. 

(2) The setting of sense switch 4 causes 

results to be output at the paper tape punch 

when a PRINT statement is executed. 

The I/O MOD program can only be loaded into 

sector 0.



  

TABLE B-3.1. - INPUT/OUTPUT MODIFICATION PROGRAM 

* I70 MOD - RELOCATEABLE PAGE 

9G81 * 170 MOD - RELOCATEABLE 
ogee * 
0203 REL 
0804 86000 181864 AA ss3 
@285 80001 @ G1 88004 JMP ¥43 
@ane BBB82 146640 CRA 
9807 98003 ®@ 04 68105 STA "105 
0208 80004 ® G2 08406 LDA *406 
0889 82885 -B B1 BO0B6 JMPe = *+1 
0910 B88GGE 004143 oct 4143 
9211 00007 @ 12 00165 BB IRS "105 
@012 09010 1486.46 CRA 
9013 90011 @ O94 BO10E STA "106 
6014 @8@612 -B 19 BH014 JST* *+2 
0815 20813 -@ B1 86815 JMP* = *4+2 
0616 68014 803065 oct 3665 
@017 80015 984575 OcT 4575 
@218 96016 191902 cc ss4 
@819 @0017 186000 SKP 
8829 86020 @ 12 80106 IRS "106 
0021 88021 -@ 18 86023 JST*® ¥*+2 
@622 @8022 -G8 B81 86024 JMP* = *4+2 
0923 80023 003047 oct 3047 
9924 e0024 064212 OcT 4212 
9825 9a925 @ 12 06105 DD IRS "165 
@G26 89026 1408 48 CRA 
8627 88027 @ B4 00106 STA "106 
6628 90038 -8 81 88031 _ IMPe #41 

0829 89931 @6S5245 OcT $245 
8630 ABS 
9931 ORG "4142 
9032 84142 ® 81 00066 JMP AA 
6833 ORG "4211 
@034 @4211 @ 01 00016 JMP cc 
0835 ORG *as74 
9836 84574 @ 01 880007 JMP BB 
0037 ORG "S244 
9038 95244 @ @1 90025 JMP DD 
0039 END 

AA 980000 BB 9890067 cc 800016 DD eo0e25 

@@80 WARNING OR ERROR FLAGS 
DAP-16 MOD 2 REVe C 01-26-71



  

B-4-1 

B-4 BASE SECTOR RELOCATION PROGRAM 
  

The program shown in Table B-4.1 enables the 

relocation of Base Sector from sector O to sector 

37 when FORTRAN and/or DAP-16 subroutines are 

called from a BASIC program. The program 

should normally be loaded into either sector 

36 or 37 and onno account should it cross a sector 

boundary. Two further restrictions on its use 

are that location o of the sector into which 

the program is loaded (e.g. '37000) should 

not be used by any other program and in 

situations where interrupts of the central 

processor may occur, use of this program is not 

advised. When using this program up to 20 

subroutines, each with a maximum of 19 arguments, 

may be called from a BASIC program.



  

TABLE B-4.1. - BASE SECTOR RELOCATION PROGRAM 

4012 JMR ONO UG: 

716 DAC STRT 

442 DEC 21 

STRT LDA AA ar 

STA AA+1 

LDA BB 

STA BB+1 

LDA* AAt+1 

ADD cc 

STA* BB+1 

REP IRS AA+1 > 

IRS BB+1 

LDA* AA+1 

CAS CC+1 ee 

SKP = 

JMP #43 

STA* BB+1 

JMP REP 

STA* BB+1 

LDA DD+1 

SMK '1320 

STX ° 

JMP ARG 

RTRN CRA



  

TABLE B-4.1 - continued 

ERR 

AA 

BB 

cc 

DD 

RIN 

ERTN 

SR 

ARG 

SMK 

LDX 

JMP* 

DAC 

CRA 

SMK 

LDX 

JMP* 

ocT 

oct 

DAC 

oct 

JMP* 

JMP 

oct 

OcT 

oct 

DAC 

DAC 

BSZ 

'1320 

° 

RIN 

** 

'1320 

ERTN 

230 

ARG 

O° 

213 

"550 

RTRN 

37000 

4013 

4064 

ERR 

(19 locations) 

ERR 

19
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B-5 PUNCH INTERRUPT MODIFICATION 

A hardware modification to the High Speed 

Reader/Punch interface, which allows the 

enabling and disenabling of interrupts caused 

by the punch, has meant that the following 

program modification is necessary when using 

the Input/Output Modification Program (See 

Appendix B-4) 

5353 JMP AA 

AA OcP 2 

LDA* ¥4+2 

JMP* #42 

oct 5357 

oct 5354



APPENDIX C 

THE HADIOS EXECUTIVE PACKAGE MK. 2 

CONTENTS 

HADIOS EXECUTIVE PROGRAM REV. O1 

RELOCATION OF ADTI-8 TABLE 

SUBROUTINES FSER, FSHT 

SUBROUTINES MYS1, MYSR 

CONSTRUCTION OF THE HADIOS EXECUTIVE 

PACKAGE MK.2 

ADDITION OF OTHER SUBROUTINES TO THE 

HADIOS EXECUTIVE PACKAGE MK.2 

ERROR MESSAGES GENERATED BY THE HADIOS 

EXECUTIVE PROGRAM REV. O1



  

C=1-1 

C-1 HADIOS EXECUTIVE PROGRAM REVISION O1 

The HADIOS EXECUTIVE PROGRAM can be best 

understood by following its normal order of 

execution. The first of the two entry points 

to the executive is the BASIC Entry Point. The 

statement CALL(1,...) in the BASIC program 

will cause the execution of subroutine 1 : see 

Figure C-1.1. In subroutine 1 the various 

tasks necessary before scanning are carried 

out and then the Dispatcher is entered to 

await the first real time clock interrupt 

which occurs after 100ms. 

When the first clock interrupt occurs the 

HADIOS EXECUTIVE PROGRAM is entered at the 

second entry point which is known as the 

Interrupt Entry Point. The first action here is 

to decode the interrupt, i.e. determine which 

device has interrupted. As shown in Figure C-1.2 

this will cause the correct section of interrupt 

response code to be executed. When the real. time 

clock interrupts the HADIOS subinterfaces are 

interrogated as required by the devices selected 

parameter (Py). Figure C-1.3 shows the clock 

interrupt response program and as can be seen 

after all the requested devices have been



  

  

SUBROUTINE 1 

          

SAVE LOCATI! 

OF LINE A 

  

    

  

  

  

  

  

STORE ADDRESS 
(OF _SKST 
63. 

  

ISTORE -5 
IN '61 
  

  

ISET SCAN, 
(GOAD x MASK 

  

  

  

  

      
  

DISPATCH 
ER AND AWAIT 
IFIRST CLOCK 

INTERRUPT       

  

  

      

  

DISPATCHER 
AND AWAIT NEXT: 

  INTERRUPT 
  

FIGURE C-1.1 - SUBROUTINES CALLED FROM BASIC 

  

 



  

  

  

    

  

                  

  

  

  

  

C-1.2 LNRA LNRB         
  

  

      
  

RETURN TO RETURN TO 
LINE A OF BAS INTERRUPTED 
IC PROG. VIA PROGRAM 
DISPATCHER           

FIGURE C-1.2 — INTERRUPT HANDLING



  

  
  

RETURN TO 
BASIC AND 
REPORT ERROR} 

      

  

  

IF REQUIRED) 

  

¥ 
DIGITAL 
OUTPUT 

IF REQUIRED) 

¥ 
ANALOGUE 

INPUT 
IF REQUIRED) 

  

  

  

  

¥ 
DIGITAL 
INPUT 

IF REQUIRED) 

¥ 
SPECIAL 
PURPOSE 

DIGITAL OUTPU] 
IF REQUIRED) 

¥ 
UPDATE 

NUMBER OF 
SCANS DONE 

  

  

  

  

  

  

      
  

FIGURE C-1.3 - CLOCK INTERRUPT RESPONSE PROGRAM



  

C-1-2 

serviced the number of scans done counter is 

updated and execution continues at line A (see 

section 6.5.2) of the BASIC program. 

The Inter Scan Basic Processing is now 

carried out following which the CALL(2) statement 

causes the program to move to subroutine 2. The 

number of scans done is now tested and if more 

are required the program moves to the dispatcher 

to await the next interrupt. On the other 

hand if the number of scans requested have 

been carried out then all interrupts are 

disconnected and execution continues at line B 

(see section 6.5.2) of the BASIC program. 

When the counter half-full interrupt 

occurs the sequence of events is similar to 

that which occurs at a clock interrupt, see 

Figure C-1.2, but for this case after the 

interrupt has been serviced execution continues 

from the point in the program at which the inter- 

rupt occurred. 

A listing of the HADIOS EXECUTIVE PROGRAM 

is given in Table C-1.1.



9001 
9002 
9693 
8004 
8095 
8006 
8007 
oo68 
9609 
9010 
0611 
6012 
6013 
@814 
9915 
@G16 
8017 
9618 
8919 
9620 
9821 
9922 
6923 
9024 
e625 
@026 
9027 
9928 
9929 
9830 
9831 
0032 
6033 
6934 
8835 
0036 
9937 
8638 
8039 
8840 
8941 
0042 
0043 
9044 
0645 
8046 
0847 
0848 
8049 
e650 
6851 
9852 
6653 
6854 
9655 
OGS6 
8857 

TABLE C-1.1 - THE HADIOS EXECUTIVE PROGRAM 

06660 
86001 
99002 
880063 
08064 
80005 
88006 

60007 
980198 
90011 
@0012 

68913 
80014 
80621 
90022 

89823 
00624 
9992S 

906073 
960178 
886270 
980370 
601070 
0861370 
9617798 
960028 
909220 
088034 
900837 
889230 
906515 
004864 
989675 
GOB676 
686653 
980654 
960670 
@89674 

@ 060000 
34 6629 
@ 61 66013 
34 1770 
@ 61 96087 
@ 19 88707 
147322 

34 6278 

.@ 81 66026 
® 18 96707 
147383 

® 18 90041 
900060 
990901 
®@ 860014 

@ 800000 
® 35 90022 
@ 81 60066 

* HADIOS EXECUTIVEs 1 6s O60 76 

* HADIOS EXECUTIVE> 16086076 
* REV 81 
* 

REL 
DATA EQU "78 
ANAG EOU "178 
CTR EU *278 
SET EQU *3708 
DIGI EOU °1078 
DIGO EQU *1378 
HAD E®U 17768 
CLK EOU "20 
SCLK EOQU "220 
SIP E6U 34 
SBP E®8U "37 
IBUF E6U 238 
CJST EOU Sis 
ss EQU *4064 
ci2 EU S675: 
cei EU *676 
Lee EU *653 
H22 EQU "654 
Dea EAU "678 
Me2 EGU "674 
* 
* INTERRUPT ENTRY POINT 
x 

SKST DAC ** 
SKS CLK 
JMP  LNKA 
KS HAD 
JMP CONT 
JST ERCL 
BCI lsNR 

* 

* HADIOS INTERRUPTING 
* 
CONT SKS CTR 

JMP LNKB 
JST ERCL 
BCI 1sNC 

* 

* CLOCK INTERRUPT LINK 
* 
LNKA JST CIH 

BSZ s 
ocT 1 
Dac LNKA+1 

* 
* CLOCK INTERRUPT RETURN 
* 
LNRA DAC * 

LDx ¥-2 
JM P CIR 

* 
* COUNTER INTERRUPT LINK 
* 

PAGE i 

NOT RECOGNISED 

NOT COUNTER



TABLE C-1.1 continued 

* HADIOS EXECUTIVE: 16¢06¢76 PAGE 

9858 98026 @ 18 60041 LNKB JST CIH 
@8S9 96027 860089 BSZ s 
@B68 06034 986010 OcT 18 
9861 98635 ® 868027 DAC LNKB+1 
6662 * 
8863 * COUNTER INTERRUPT RETURN 
8064 * 
0965 86036 ® 980080 LNRB DAC ae 
9866 08037 9 35 68035 LDXx *-2 
9667 66040 @ 81 06066 JMP CIR 
0068 * 
Oa69 * COMMON INTERRUPT HANDLER 
88708 * 
9071 88041 @ 900000 CIH DAC ** 
9872 98042 -@ 15 GBG41 STX* CIH 
8073 98043 ® 35 00041 LDx CIH 
0874 88044 1 13 68001 IMA Is 
9875 08045 988043 INK 
@876 08046 980005 SGL 
9977 88047 1 04 99002 STA 2.1 
6678 80650 ® 82 86000 LDA SST 
9879 90051 1 84 66004 STA 401 
9289 99952 1 82 90005 LDA Sol 
9981 68053 149401 CMA 
9282 68054 ® 93 99130 ANA MASK 
6983 68055 @ 04 89130 STA MASK 
6084 88956 74 0620 SMK "20 
8285S 86057 1 82 86007 LDA Tol 
8986 69060 @ 04 88065 STA CIHA 
9687 86961 006291 IAB 
9088 89062 1 04 88083 STA Bel 
9989 62063 600011 DXA 
9698 86064 -G B1 98065 JMP* CIHA 
9891 68865 900000 CIHA BSZ 1 
9992 * 
8893 * COMMON INTERRUPT RETURN 
8294 * 
9995 68066 1 82 96083 CIR LDA 3e1 
9896 88067 000201 IAB 
9897 88070 1 02 90085 LDA Sel 
9898 90071 149401 CMA 
8899 89072 081001 INH 
6188 08073 @ 63 86130 ANA MASK 
9181 80074 1 65 98805 ERA 5.1 
0182 90075 ®@ 84 68130 STA MASK 
0193 62076 74 8620 SMK °20 
8104 66077 1 92 60004 LDA 401 
9105 991090 @ 04 60126 STA CIRA 
6186 89101 1 82 08000 LDA Oo 1 
9197 09192 @ 04 90127 STA CIRK 
9198 88163 1 92 99062 LDA 2.1 
81689 86104 171620 OTK 
8110 88185 1 13 60001 IMA lol 
9111 60106 35 88127 LDX CIRX 
@112 66107 889461 ENB 
9113 09119 -@ 61 90126 JMP* CIRA 
9114 *



8115 
8116 
@117 
0118 
0119 
9129 
0121 
9122 
9123 
9124 
g125 
0126 
9127 
9128 
0129 
9138 
@131 
8132 
9133 
8134 
6135 
9136 
0137 
9138 
8139 
8148 
O141 
e142 
9143 
0144 
6145 
O146 
O147 
8148 
9149 
9150 
9151 
@152 
8153 
8154 
@15S 
9156 
@157 
9158 
8159 
8168 
O161 
0162 
6163 
O164 
8165 
8166 
9167 
9168 
9169 
81798 
8171 

TABLE C-1.1 continued 

OO111 
g0112 
@0113 
06114 
BO115 
98116 
09117 
99129 
90121 
99122 
98123 
@0124 
60125 
00126 
80127 
88130 
@8131 

00132 
96133 
96134 
66135 
08136 
90137 
80140 
80141 
99142 
09143 
00144 
99145 
00146 
90147 
00158 
60151 
@0152 

60157 
00160 
08161 
90162 
98163 
80164 
00165 
@8166 
80167 
00170 
90171 
90172 
60173 
90174 

® 999600 
-@ 35 06111 

® 12 00111 
1 82 99900 
140401 
8 93 60130 
1 6S 99060 
74 8820 
® 84 86138 

-@ 62 60111 
® 12 686111 
1 64 60002 

-8 61 98111 
660008 
920060 
9800098 
985243 

@ 3S 68775 
1 82 00157 
186640 
@ 81 @8145 
180218 

®@ O81 88143 
®@ 12 90000 
® 81 88133 
@ O1 66132 
® 18 86707 
152711 
®@ 04 60151 
148040 
1 64 80157 

-@ O1 60151 
006000 
990000 

92 88239 
@7 99515 
84 00000 
@1 00162 
906175 
069307 
908000 
964064 
064864 
804064 
864964 
064064 
964064 
904064 S

e
e
c
e
 

e
c
 
e
e
e
 
s
o
o
 

* HADIOS EXECUTIVE. 16606+76 PAGE 

* COMMON INTERRUPT INITIATOR 
* 

CII DAC 
LDX* 
IRS 
LDA 
CMA 
ANA 
ERA 
SMK 
STA 
LDA* 
IRS 
STA 
JM P® 
BSZ 
BSZ 
BSZ 
ocT 

CIRA 
CIRX 
MASK 
ERR 
* 

ae 
cir 
cIl 
@»1 

MASK 
G1 
*20 
MASK 
CII 
cil 
2.1 
cir 
1 
1 
1 
$243 

* DISPATCHER 
* 

DISP LDX 
LDA 
SZE 
JMP 
sre 
JMP 
IRS 
JMP 
JMP 
JST 
BCI 
STA 
CRA 
STA 
JM P+ 

DISS BSZ 
GOAD BSZ 
* 

STOP 

DISa@ 

=-5 
GO AD+5, 1 

DIS 

STOP 
9 
DISP+1 
DISP 
ERG. 
1, UL 
DISS 

GOAD+ 5, 1 
DISS 
1 
s 

* BASIC ENTRY POINT 
* 

CALL LDA 
SUB 
STA 
JM P® 
DAC 
Dac 
xAac 
DAC 
DAC 
DAC 
DAC 
DAC 
DAC 
DAC 

TABL 

IBUF 
CJST 
8 
TABL=-151 
SUB1 
SUB2 
MYS1! 
ss 
ss 
ss 
ss 
ss 
ss 
ss 

USER INTERFERED



0172 
8173 
O174 
6175 
O176 
8177 
9178 
8179 
6180 
6181 
8182 
8183 
8184 
6185 
6186 
6187 
0188 
9189 
9199 
0191 
6192 
9193 
G194 
8195 
8196 
0197 
8198 
8199 
9206 
9201 
6262 
8203 
9204 
8265 
9206 
8207 
9208 
9209 
8219 
6211 
@212 
9213 
@214 
6215 
0216 
6217 
9218 
@219 
02290 
o221 
g222 
e223 
6224 
g2e5 
9226 
9227 
9228 

TABLE C-1.1 

86175 
OG176 
00177 
86280 
88201 
ee292 
96203 
98204 
98205 
88206 
89207 
99222 
96223 
e6224 
e9225 
BG226 
90227 
86230 
80231 
90232 
96233 
09234 
60235 
96236 
90237 
09240 
06241 
99242 
09243 
80244 
86245 
80246 
O0247 
99256 
96251 
99252 
86253 
90254 
g92ess 
69256 
00257 
06260 
60261 
99262 
60263 
98264 
00265 
80266 
06267 
28270 
06271 
o9272 
89273 
86274 
96275 

continued 

* HADIOS EXECUTIVEs 16¢06¢76 PAGE 

* SUBROUTINE 1 
* 

@ 82 99034 SUB1 LDA 
® 84 08345 STA 
® 62 60637 LDA 
@ 04 06346 STA 
@ 82 69342 LDA 
@ 04 06204 STA 
@ 91 99265 JMP 
9 290008 DAC 

-@ 18 96344 JST# 
600013 DEC 
ee0060 PARS BSZ 
® 35 66773 LDx 
@ 15 68351 STX 

-@ 18 88653 JST* 
-1 989221 DAC® 
-8 19 06676 JST* 

@ 01 06365 JMP 
@ 35 66351 LDx 
1 94 08340 STA 
@ 12 90000 IRS 
®@ 81 99223 JMP 

-® 18 89653 JST* 
-@ 986210 DAC* 
-@ 18 80674 JST* 

@ 980352 DAC 
-@ 18 88676 JST* 

@ 81 89395 JMP 
146407 TCA 
@ 04 08343 STA 
@ 82 80348 LDA 
@ 94 06063 STA 
9 G2 680341 LDA 
@ G4 00061 STA 
@ 35 00775 LDX 
140040 CRA 
®@ 84 861308 STA 
B 84 90780 STA 
1 64 06157 STA 
@ 12 80000 IRS 
@ 81 89254 JMP 
® 18 60111 JST 
®@ 900021 Dac 
@ 600354 DAC 
14 9626 OcP 

®@ 62 88326 LDA 
® 63 00772 ANA 
161848 SNZ 
@ O81 88363 JMP 
@ 82 09335 LDA 
74 03708 OTA 
@ B81 88270 JMP 
® 92 88334 LDA 
@ 11 06771 CAS 
@ 81 00277 JMP 
181808 NOP 

SIP 
SIP1 
SBP 
SBP 1 
NEXT 
#42 

*+2 

PARS+ 19+ 1 
cai 
ERI 
KT 
CTRS+ 1,1 
a 
#-8 
Lee 
PARS+1 
M22 
FSO 
cai 
ERI 

CINT 
DACs 
*63 
FRST 
"61 
+5 

MASK 

SCAN 
GOAD+ 5s 1 
6 
#-2 
cil 
LNRA-2 
ACLK 
CLK 
CTRS 
='18 

INT 
CTRS+7 
SET 
wml 
CTRS+6 
=1 
#43



9229 
6238 
8231 
9232 
6233 
9234 
9235 
8236 
6237 
9238 
8239 
6248 
0241 
9242 
0243 
9244 
9245 
0246 
0247 
9248 
6249 
6250 
9251 
a252 
e253 
0254 
o2s5 
8256 
0257 
0258 
a259 
0260 
0261 
o262 
0263 
8264 
6265 
0266 
8267 

8268 
8269 
8278 
9271 
9272 
6273 
0274 
8275 
8276 
8277 
6278 
9279 
9280 
9281 
g282 
8283 
8284 

TABLE C-1. 

08276 
06277 
96388 
96301 
28302 
96303 
08304 
88305 
96396 

00307 
00310 
08311 
98312 
98313 
80314 
06315 
99316 
88317 
60320 
00321 
90322 
90323 
99324 
20325 
90326 
90340 
60341 
00342 
90343 
90344 
98345 
80346 
06347 
96358 
96351 
99352 
68353 

88354 
@0355 
68356 
@0357 
88360 
@6361 
06362 
00363 
06364 
88365 
98366 
86367 
88370 

® 81 06363 
@ 18 @0111 
@ 066634 
@ 080716 
14 0278 
060401 
@ 81 96132 
@ 18 80707 
151311 

G2 96634 
94 $8347 

90037 
64 89358 
02 80700 
87 883308 

190049 
® 81 98132 
14 8220 
14 0376 
@ G2 90347 
@ 84 80034 
@ 82 00358 
@ 84 80037 

-@ 61 86677 
990000 
@ 900000 
177777 
® 000231 
889060 
® 900000 
6869000 
606098 
990080 
988008 
960000 
041544 
696600 

S
e
s
o
e
o
e
s
 

3 ©
 

14 9229 
®@ 82 08343 
B 64 86061 
14 9629 
9004081 
@ 82 80020 
@ 87 00604 
166400 
@ 81 69705 
®@ 62 98326 
@ 83 98772 
191949 
@ 61 99422 

inued 

* HADIOS EXECUTIVE> 16606676 PAGE S 

JMP INT 
JST CII 
Dac LNRB-2 
DAC BCTR 
ocP CTR 

INT ENB 
JMP DISP 

ERI JST ERCL 
BCI 1s RI REAL TO INTEGER 

* 

* SUBROUTINE 2 
* 

SUB2 LDA 
STA 
LDA 
STA 
LDA 
SUB 
SZE 
JMP 
OocP 
ocP 
LDA 
STA 
LDA 
STA 
JMP* 

CTRS BSZ 
DACS DAC 
FRST DEC 
NEXT DAC 
CINT BSZ 
FAT XAC 
SIP1 BSZ 
SBP1 BSZ 
SIP2 BSZ 
SBP2 BSZ 
KT BSZ 
FS@ DEC 

* 

SIP 
SIP2 
SBP 
SBP2 
SCAN 
CTRS+2 

DISP 
SCLK 
SET 
SIP2 
SIP 
SBP2 
SBP 
L06 
10 
SK ST 
el 
IBUF+1 
1 
FSAT 
1 
1 
1 
1 
1 
SBe 

* CLOCK INTERRUPT RESPONSE CODE 
* 
ACLK OCP 

LDA 
STA 
OcP 
ENB 
LDA 
SUB 
SPL 
JMP 
LDA 
ANA 
SNZ 
JMP 

SCLK 
CINT 
"61 
CLK 

LNKA+S 
BSTP 

STP 
CTRS 
="19 

Al



TABLE C-1.1 continued 

* HADIOS EXECUTIVEs 16¢06¢76 PAGE 

9285 * COUNTER INPUT 
9286 * 
9287 96371 @ 62 00221 LDA PARS+ 18 
8288 99372 @ 96 68774 ADD =66 
6289 99373 84 98464 STA #49 
8298 06374 148048 CRA 
@291 80375 001001 INH 
9292 BO376 @ @4 90755 STA FLAG 
9293 86377 $4 02790 INA CTR 
9294 86490 @ 61 89377 JMP *-1 
9295 88401 @ 04 88701 STA TEMP 
8296 8402 -G 19 BB675 JST# C12 
6297 084603 -9 18 88654 JST* H22 
6298 88404 ® 809600 DAC ae 
6299 9B405 @ 92 06334 LDA CTRS+6 
9308 O8496 ® 11 680771 CAS =1 
8301 98407 ® @1 68411 JMP *+2 
9302 96410 @ 91 60413 JMP #43 
9303 88411 ® 82 60335 LDA CTRS+7 
0304 98412 @ 61 90414 JMP *+2 
9305 96413 @ 62 60701 LDA TEMP 
0306 06414 74 0370 OTA SET 
9307 88415 @ 81 86414 IMP *-1 
@308 80416 ®@ 62 90061 LDA "61 
9309 BB417 @ 64 60702 STA TEMP+1 
8318 88429 181980 NOP 
@311 80421 809401 ENB 
@312 * 
8313 * DIGITAL OUTPUT 
8314 * 
9315 60422 @ 92 60326 Al LDA CTRS 
9316 86423 @ G3 88770 ANA =°1968 

8317 88424 181040 SNZ 
9318 80425 ®@ 81 66473 IMP AIA 
@319 98426 @ 82 68337 LDA CTRS+9 
9328 86427 @ 11 68771 CAS =1 
9321 68430 @ 81 86476 JMP PRB 
9322 90431 @ 81 69443 JMP ARRY 
8323 88432 ®@ 62 60221 LDA PARS+ 18 
9324 80433 @ 86 08767 ADD =70 
9325 99434 @ 64 60436 STA *+2 
9326 66435 -@ 18 69653 JST# Lee 
@327 80436 8 890600 DAC ** 
9328 69437 -8 18 00676 JST# C21 
9329 80440 8 61 66365 JMP ERI. 
9338 86441 @ 81 88471 JMP OTP 
@331 99442 886009 WORD BSZ 1 
8332 00443 ® @2 98221 ARRY LDA PARS+ 18 
8333 80444 @ 86 88766 ADD =106 
0334 86445 94 96605 STA Locs 
9335 80446 148046 CRA 
@336 06447 ® 64 90442 STA WORD 
8337 98450 @ 35 60765 LDx s-16 
9338 98451 ® 2 06442 REP2 LDA WORD 
9339 989452 0415 77 ALS 1 
9348 99453 ® 64 66442 STA wO RD 
0341 08454 -@ 82 90605 LDA* LOCB



TABLE C-1.1 continued 

* HADIOS EXECUTIVE. 16686676 PAGE 

  

9342 90455 161646 SNZ 
9343 68456 91 80462 _ SMP #44 
8344 90457 ®@ @2 88442 LDA WO RD 
9345 09460 141206 AOA 
9346 08461 @ 94 09442 STA wO RD 
8347 90462 ® 12 06605 IRS LOCB 
0348 99463 @ 12 90685 IRS LOcB 
0349 80464 @ 12 99000 IRS @ 
8358 8946S @ 01 08451 JMP REP2 
8351 60466 92 06442 LDA WORD 
9352 99467 ®@ 61 68471 JMP OTP 
9353 80478 ®@ 82 09442 PRB LDA WO RD 
9354 00471 74 1370 OTP OTA DIGO 
9355 60472 @ 61 00471 JMP *-1 
8356 * 
9357 * ANALOGUE SCAN 
6358 * 
8359 88473 @ 62 88326 ALA LDA CTRS 
8368 GB474 @ 83 09771 ANA =1 
@361 89475 161840 NZ 
8362 60476 @ 81 00607 JMP A2 
@363 90477 @ 35 60764 LDXx =-32 
8364 89590 140946 CRA 
8365 08501 -@ 84 89576 STA® AB32 
9366 86502 @ 12 98000 IRS a 
9367 88563 @ 61 06501 JMP *-2 
0368 805904 @ 62 68331 LDA CTRS+3 
@369 8858S 149407 TCA 
9378 89506 ® 04 80600 STA ENS 
6371 86507 ® 82 66333 LDA CTRS+5 
372 685198 148407 TCA 
6373 60511 ® 64 00601 STA LAST 
9374 80512 @ @2 98332 MUX1 LDA CTRS+4 
9375 66513 @ 07 08763 suB =16 
9376 98514 181409 SMI 
9377 69515 ® 81 88545 JMP MUX2 
378 86516 ® 62 98602 LDA Mi 
8379 @8517 @ 8S 69332 ERA CTRS+4 
8388 60520 74 6178 OTA AN AG 
6381 99521 960000 HLT 
8382 99522 @ 87 69662 sUB M1 
9383 98523 @ 87 00763 sUB =16 
9384 99524 ®@ 84 68006 STA 6 
8385 @0SeS5 14 6678 MUL OCP DATA 
8386 99526 148849 CRA 
9387 98527 S4 9070 INA DATA 
6388 60538 @ 61 90527 JMP ¥-1 
6389 99531 6484 72 LGR 6 
9398 86532 -8 86 9577 ADD*® ABI6 
9391 88533 -@ 84 60577 STA* ABI6 
8392 98534 ® 82 80601 LDA LAST 
9393 98535 @ 06 00763 ADD =16 
6394 00536 ® 86 80006 ADD 
9395 96537 181840 SNZ 
8396 88549 ® @1 88573 JMP ESEL 
9397 @6541 12 90000 IRS 9 
9398 60542 ® @1 99525 JMP Mul



8399 
0460 
0401 
a492 
8403 
0404 
0405 
0406 
9407 
9498 
8409 
0410 
6411 
B412 
0413 
0414 
6415 
8416 
O417 
0418 
9419 
9420 
0421 
g422 
9423 
9424 
0425 
9426 
8427 
9428 
9429 
6430 
9431 
9432 
8433 
8434 
9435 
0436 
437 
9438 
9439 
9449 
0441 
6442 
9443 
8444 
8445 
8446 
O447 
6448 
8449 
0450 
6451 
0452 
8453 
8454 
8455 

TABLE C-1.1 continued 

89543 
90544 
20545 
80546 
86S 47 
88556 
90551 
90552 
89553 
90554 
@9555 
00556 
98557 
00560 
98561 
99562 
86563 
08564 
8056S 
96566 
@8567 
88578 
96571 
66572 
88573 
86574 
oa575 
88576 
@8577 
@8600 
00601 
09602 
98603 
GB684 
0666S 

00667 
00610 
@0611 
90612 
08613 
06614 
88615 
90616 
08617 
08629 
08621 
ea622 
68623 
98624 
69625 
66626 
00627 
08638 
08631 B
e
s
e
o
s
e
s
c
e
s
 

* HADIOS EXECUTIVEs 16¢06¢76 PAGE 

146040 
@ 81 80547 
@ 82 66332 
@ 87 90763 
® OS 68603 
74 8170 
260900 
@ 87 89683 
® 87 08763 
@ 64 99000 
14 80768 
148040 
$4 8070 
8 81 8557 
0404 72 
@ 86 9B576 
@ 84 BO576 
@ 92 60681 
@ 06 90762 
@ 06 00080 
191949 

@1 66573 
12 06606 
@1 60555 
12 96600 
91 00512 
81 80607 
981972 
061952 

960060 
999000 
682669 
982920 
® 990090 
909900 

MUX2 

Mue 

ESBL 

AB32 
ABIE 
ENS 
LAST 
M1 
M2 
BSTP 
LocB 
* 

m
e
 
S
E
E
0
o
8
 

CRA 
JMP 
LDA 
SUB 
ERA 
OTA 
HLT 
SUB 
SUB 
STA 
ocp 
CRA 
INA 
JMP 
LGR 
ADD* 
STA* 
LDA 
ADD 
ADD 
SNZ 
JMP 
IRS 
JMP 
IRS 
JMP 
JMP 
DAC 
DAC 
BSZ 
BSZ 
ocT 
oct 
XAC 
BSZ 

*+3 
CTRS+ 4 
=16 
M2 
ANAG 

M2 
=16 

DATA 

DATA 
*-1 

AB32 
AB32 
LAST 

ABUF+ 32. 1. 
ABUF+ 165 1 
1 
1 
2888 
2029 
cs12 
2 

* DIGITAL INPUT 
* 

@ 02 68326 A2 
@ 83 90761 
181840 
@ 91 90655 
S4 1078 
@ 81 00613 
@ 04 20606 
@ 62 68336 
198648 

91 88631 
@2 60221 
96 06768 
84 00627 
G2 86606 
19 98675 
18 68654 
2800906 
@1 68655 
35 90765 IP1 

LDA 
ANA 
SNZ 
JMP 
INA 
JMP 
STA 
LDA 
SZE 
JMP 
LDA 
ADD 
STA 
LDA 
JST* 
JST* 
DAC 
JMP 
LDXx 

CTRS 
=°100 

A3 

DIGI 
#1 
LOCB+1 

CTRS+8 

IP1 
PARS+ 19 
=68 
+g 

LOCB+1 
c12 
Hee 
a 
AZ 
=-16



8456 
@457 
9458 
8459 
B469 
9461 
8462 
0463 
B464 
8465 
0466 
0467 
9468 
9469 
94708 
0471 
9472 
9473 
0474 
9475 
B476 
G477 
0478 
0479 
B48 
9481 
0482 
0483 
0484 
8485 
0486 
8487 
8488 
8489 
0499 
9491 
e492 
9493 
B49 4 
9495 
B496 

8498 
8499 
9560 
8501 
9582 
6503 
8504 
6505 
9506 
8567 
9588 
9s09 
9518 
@S11 
9512 

TABLE C-1.1 continued 

98632 
89633 
90634 
88635 
80636 
99637 
20646 
00641 
00642 
98643 
90644 
06645 
00646 
00647 
98658 
@G6S1 
98652 
88653 
88654 

90655 
96656 
@0657 
96660 

06661 
08662 
98663 
OG664 
@6665 

00666 
06667 
08678 
@0671 
e0672 
96673 
O8674 
@6675 
@8676 
@8677 
98788 
96761 
08763 
08704 
88785 
88786 

® 62 66221 
® 66 66757 
8 04 88658 
140040 
600201 
@ G2 90606 
9416 77 
® 64 68606 
191601 
@ @1 GB646 
® 82 06756 
@ G1 80647 
149846 

-8 18 08654 
906000 
12 60650 
12 68658 
12 60600 
81 86637 e

a
o
o
s
 

@ O92 88337 
@ 11 98771 

-@ 18 88703 
191608 

@ G2 80326 
@ 63 98771 
1810940 
@ 81 08666 

-@ 16 66704 

08796 
98345 
98034 
08346 
99637 
O0677 
90152 
90023 
88354 

964013 
880000 
880008 
8 990000 
@ 961980 
@ 18 98707 
152306 

@
e
e
o
e
o
o
s
o
e
s
 

S
 bs
 

* HADIOS EXECUTIVE+ 16¢06¢76 PAGE 

LDA PARS+ 19 
ADD =74 
STA LOCA 
CRA 
TAB 

REP! LDA LOCB+1 
ALR 1 
STA LOCB+1 
ssc 
JMP *+3 
LDA =* 483008 
JMP *+2 
CRA 
JST*# H22 

LOCA DAC ee 
IRS LOCA 
IRS LOCA 
IRS a 
JMP REP1 

* 

* SPECIAL PURPOSE DIGITAL. OUTPUT 
* 

AS LDA CTRS+9 
CAS =1 
JST* SPSR 
NOP 

* 

* ANALOGUE DATA PROCESSING 
* CIF REQUIRED) 
* 

LDA CTRS 
ANA =1 
SNZ 
JMP A4 
JST* NPR 

* 

* UPDATE SCANS DONE 
* 
A4 IRS SCAN 

LDA SIP1 
STA SIP 
LDA SBP1 
STA SBP 
LDA CL96 
STA GOAD 
JST LNRA 
JMP ACLK 

(L986 OCT 4013 
SCAN BSZ 1 
TEMP BSZ 2 
SPSR XAC MYSR 
ANPR DAC ANP 1 
STP JST ERCL 

BCI 1, TF 
* 

* ERROR RETURN TO BASIC 
* 

SCAN TOO FAST



9513 
@514 
9515 
9516 
@S517 
9518 
@519 
9520 
9521 
6522 
9523 
9524 
9525 
@S526 
9527 
6528 
9529 
9538 
9531 
9532 
9533 
8534 
9535 
9536 
9537 
9538 
9539 
8540 
9541 
9542 
6543 
8544 
9545 
9546 
6547 
9548 
9549 
9550 
9551 
9ss2 
9553 
9554 
6555 
9556 

TABLE C-1.1 continued 

  

06707 
907108 
90711 
90712 
086713 
@8714 
90715 

BO716 
90717 
98720 
80721 
90722 
96723 
06724 
98725 
@6726 
80727 
90730 
06731 
90732 
96733 
86734 
90735 
08736 
89737 
087 40 
O0741 
80742 
997 43 
987 44 
06745 
00746 
807 47 
88750 
@6751 
99752 
88753 
99754 
@0755 
88756 
06757 
907698 
08761 
98762 
967 63 
98764 
90765 
08766 
090767 
987708 
90771 
90772 
98773 

8 8600008 
-@ G2 60707 

@ 64 00715 
14 6229 
14 8378 

-® 18 09131 
® 899000 

14 6378 
@ 82 06335 
74 6378 
@ 61 68720 
14 0278 
900461 

@2 99221 
@6 06761 
64 60742 
86 00772 
B4 08747 
@2 8875S 

198840 
@ 61 00743 
® 62 69061 
® 87 99792 

-8 18 86752 
-@ 18 88753 

@ 880352 
-® 18 60754 

@ 809000 
@ 12 8875S 
® 62 66755 

-8 18 80752 
-8 18 68754 

® 900099 
@ 18 98636 
@ @1 O6716 
9 
® 

S
e
a
o
a
s
 

862900 
990068 

801800 
969601 
800019 
177766 

* HADIOS EXECUTIVE+16¢360e76 PAGE 

ERCL DAC 
LDA® 
STA 
ocP 
ocp 
JST* 
Dac 

o
e
 

e
e
 

& 

CTR OCP 
LDA 
OTA 
JMP 
ocPp 
ENB 
LDA 
ADD 
STA 
ADD 
STA 
LDA 
SZE 
JMP 
LDA 
suB 
JST* 
JST* 
DAC 
JST* 
DAC 
IRS 
LDA 
JST* 
JST* 
DAC 
JST 
JMP 

C12A XAC 
D22A XAC 
H22A XAC 
FLAG BSZ 

FIN 

** 
ERCL 
+4 
SCLK 
SET 
ERR 
** 

COUNTER INTERRUPT 
RESPONSE CODE 

SET 
CTRS+7 
SET 
*-1 
CTR 

PARS+ 10 
=64 
*+12 

28 
*+15 

FLAG 

*+8 

°61 
TEMP+1 
C12A 
De2a 
F590 
H22A 
+e 
FLAG 
FLAG 
C12a 
H22a 
** 
LN RB 
BCTR 
cs12 
Ds22 
H$22 

1



@557 
0558 
@S59 
9568 
0561 
8562 
8563 
8564 
@565 
0566 
@567 
9568 
8569 
9576 
0571 
9572 
@S573 
0574 
@S7S 
@S576 
O577 
9578 
8579 
9589 
9581 
9582 
9583 
9584 
9585 
O586 
0587 
9588 
9589 
9599 
9591 
9592 
9593 
8594 
9595 

9596 
8597 
8598 
9599 
8608 
9601 
8602 
9603 
8604 
8605 
6606 
9607 

Al 

TABLE C-1.1 continued 

* HADIOS EXECUTIVEs 16¢06¢76 PAGE 

90774 
@6775 

060162 
177773 

* ANALOGUE DATA PROCESSING 
* 

ORG 
812800 @ 699980 ANP1 DAC 
@1001 -® 82 91076 LDA*® 
01902 @ 86 01072 ADD 
81063 @ 84 81673 STA 
91004 -G 62 61186 LDA* 
8198S -9 B86 81076 ADD* 
81006 -8 86 81976 ADD* 
61897 ® 84 018074 STA 
91010 -@ 62 81077 LDA® 
619011 @ 6 61191 ADD 
91912 @ 86 61072 ADD 
01013 ® 94 61675 STA 
@1014 -@ 02 01973 REP LDA* 
01815 -@ 19 88675 JST* 
91816 -@ 18 66676 JST* 
@1817 -9 898212 DAC* 
@1620 -9 19 96654 JST* 
91921 -8 801074 DAC* 
91622 @ 12 81073 IRS 
91823 @ 12 61074 IRS 
01924 @ 12 81074 IRS 
01925 ® 82 81073 LDA 
81926 @ 67 91875 SUB 
91927 1809460 SPL 
91930 ®@ B1 81014 JMP 
01631 -@ 81 91900 JM Pe 
01832 899008 ABUF BSZ 
91972 @ 691932 BF DAC 
81673 800000 ADBF BSZ 
81074 999000 DBF BSZ 
01075 800000 LBF BSZ 
B1B76 @ 886332 CT4 DAC 
91677 @ 866333 CTS DAC 
011008 @ 900221 PR1® DAC 
O1191 960001 FIN 

* 

* PATCH IN 
* CALLING 
* 

ABS 
ORG 

4012 -@ 81 O8716 JM P* 
ORG 

08716 @ 660157 DAC 
ORG 

96551 @ 080707 DAC 
END 

890422 ALA 889473 

*1986 
ae 
cT4 
BF 
ADBF 
PR19 
CT4 
CcT4 
DBF 
cTs 
=1 
BF 
LBF 
ADBF 
c12 
bee 
PARS+3 
H2e 
DBF 
ADBF 
DBF 
DBF 
ADBF 
LBF 

REP 
ANP I 
32 
ABUF 
1 
1 
1 
CTRS+4 
CTRS+5 
PARS+ 19 

BASIC 
SEQUENCE 

"4012 
"716 
"716 
CALL 
*SSt 
ERGL 

A2 960687 AS 

11



TABLE C-1.1 continued 
  

* HADIOS EXECUTIVEs 16¢06¢76 PAGE 12 

A4 @OG666 AB16 900577 AB32 988576 ABUF 991032 
ACLK 980354 ADBF 981873 ANAG @08170A ANP 981086 

AN PR 000764 ARRY 880443 BCTR 000716 BF 861072 
BSTP 900664 c12 800675A C12A 908752 ca1 OG8676A 
CALL 080157 C1H 606041 CIHA 888065 cIl 000111 
CINT 600343 CIR 960066 . CIRA 006126 CLRX 000127 
CJST BOOS1S5A CLO6 080677 CLK G28020A CONT 960067 
CcT4 @B1876 CTS 001077 CTR 98027BA CTRS 980326 
Dee 8OD670A D22A 998753 DACS 689348 DATA @0G070A 
DBF 061974 DIGI 99107648 DIGO @81370A DISP 600132 
DISO 000145 DISS 806151 ENS 868609 ERG. 800707 
ERI 888365 ERR 980131 ESBL 688573 FSO 880352 
FAT 088344 FLAG 606755 FRST 980341 GOAD 906152 
H2e @BG6654A H22a 000754 HAD @81770A IBUF 998236A 
INT 989303 IP1 900631 KT 808351 L22 @996S53A 
LAST @00681 LBF 901075 LNKA 900013 LNKB 696626 
LNRA 680623 LN RB 889636 LOCA 888650 LocB 680665 
M1 609602 M2 098603 M22 @09674A MASK 600130 
MUI 980525 mMue 888555 MUX 1 800512 MUX2 888545 
NEXT 086342 OTP 960471 PARS 000207 PR18 801199 
PRB 9884798 REP 881014 REP1 606637 REP2 000451 
SBP 988037A SBP1 868346 SBP2 020350 SCAN 990700 
SCLK 0902204 SET 90037BA SIP 200034A SIP1 990345 
SIP2 680347 SK ST 989600 SPSR 988703 ss 884064A 
STOP 666143 STP @G0708S SUB1 @89175 SUB2 988307 
TABL 990163 TEMP 600791 WORD 660442 

@@00 WARNING OR ERROR FLAGS 
DAP-16 MOD 2 REVe C G1-26-71



C-2-1 

C-2 RELOCATION OF ADT1-8 TABLE 

During normal operation of the BASIC-16 

Interpreter there are no interrupts of the 

central processor and so there is no need to 

reserve locations '61 and '63 for real time 

clock and interrupt handling. However, this 

is not the case when using the HADIOS EXECUTIVE 

PACKAGE and so the ADT1-8 table (assign dimen- ( 

sioned variable table) must be relocated from 

locations '61 to '70, to locations '757 to '766. 

This is done by the program shown in Table 

C-2.1.



ea01 
9002 
8003 
8004 
9985 
O006 
@2907 
9008 
8889 
0018 
6011 
9012 
8613 
O814 
8915 
0616 
OG17 
0818 
0019 
0020 
e021 
9022 
8023 
e024 
9025 
@826 
@027 
9928 
@829 
0830 
8931 
0932 
0933 
0634 
9835 
O836 
0037 
8938 
0939 
8640 
Q041 
042 
6943 
OG44 

0945 
OB46 
8047 
8948 
9049 
8858 
0051 
ease 
@e53 
9054 
@gs5 
@956é 
0057 

TABLE C-2.1 - ADT1-~8 RELOCATION 

@47S7 

04761 

04763 
BaTb4 

O47T6E 

85006 
95007 
85019 

85923 

05025 

65027 

05034 
@S5635 

95637 
85049 
5041 
85042 
85643 

95045 

85850 

O5061 

95065 

85870 

O5074 

O5076 

@5180 

85184 

@5112 

O5114 

o5123 

95126 

@ 

@ 
@ 

04 

04 

Q4 
15 

04 

00761 

00762 

OO764 
90763 

80766 

@00764 
@ 04 00764 
@ 

e
e
s
o
e
o
o
d
 

e
s
 

Ss
 

12 

a2 

06 

oe 

o7 

oe 

84 

12 

a2 

04 

12 

e2 

a2 

o2 

35 

00762 

@0764 

80762 

00765 

80757 
@076S 

087 68 
68757 
087 60 
90757 
007 60 

00757 

00760 

80765 

90764 

60757 

00757 

90762 

06757 

08757 

00762 

OO761 

90766 

00763 

* ADT1-8 RELOCATION 

* ADTI-8 RELOCATION 
* 

ORG 
STA 
ORG 
STA 
ORG 
STA 
STX 
ORG 
STA 
ORG 
oct 
STA 
IRS 
ORG 
LDA 
ORG 
ADD 
ORG 
STA 
ORG 
STA 
SUB 
ORG 
STA 
LDA*® 
STA® 
IRS 
IRS 
ORG 
SUB 
ORG 
LDA 
ORG 
SUB 
ORG 
LDA 
ORG 
STA 
ORG 
IRS 
ORG 
LDA 
ORG 
STA 
ORG 
IRS 
ORG 
LDA 
ORG 
LDA 
ORG 
LDA 
ORG 
LDXx 
END 

“4757 
‘761 
"4761 
*762 
"4763 
"764 
*763 
"ATEE 
"766 
"SOOE 
164 
"764 
"762 
"$623 
“764 
"Sso25 
"Tee 
*3827 
165 
"5834 
oT 57. 
“7169 
*S5037 
"768 
SPST 
*768 
eS? 
"768 
"5045 
STa8 
"5850 
"768 
S061 
"765 
“5065 
"7164 
*S970 
TST 
"S074 
oie 
*5876 
"762 
"5100 
“t37 
"S104 
ST St 
MStle 
°762 
"S1l4 
"761 
5123 
"7166 
"5126 
"763 

PAGE



C-3-1 

C-3 SUBROUTINES FZER, FRHT 

The special version of subroutine FZER 

shown in Table C-3.1 has three functions, 

(i) real time clock and counter input 

interrupts are inhibited, 

(ii) the memonic 'FT' is printed out on 

the VDU or teletype, and 

(iii) the program returns to the BASIC-16 

error reporting routine to display the error 

mnemonic in the normal BASIC manner. 

Subroutine F$HT differs only in the third 

of the above functions which for this routine 

is that the central processor halts.



0001 
9ea2 
8003 
9904 
605 
8006 
9807 
9008 
0009 
0910 
0911 
ea12 
6813 
Q014 
9015 
@016 
0017 
9818 
9819 
9620 
9021 
9922 
9023 
9024 
e025 
8626 
0927 
6028 
0629 
8030 
0831 
0932 
9633 
8834 
6635 
0036 
8037 
9938 
0839 
0040 
9041 
9942 
@043 
0844 
2045 
@046 
8647 
0048 
9049 
8958 
@eS1 
ease 
8853 
8054 
9055 

CONT 

TABLE C-3.1. - SUBROUTINES F$ER, F$HT 

88860 
00001 
99002 
90803 
98004 
@000S 
@00G6 
80007 
00010 
@0011 
e0012 
00013 
88014 
69015 
8OG16 
@8017 
88620 
90021 
g9022 
68623 
08024 
69825 
88626 
69027 
88030 
96631 
89032 
88633 
60034 
80635 
00036 
00837 
28040 
00041 
88042 
88943 
88044 
@8045 
00046 
88047 
88850 
86051 
e9052 
88853 
60054 
90@S5 
08856 

680031 

® 900000 
14 0228 
14 6376 

=o 88680 
@ 04 96053 

<9) 86053 
@ 04 00013 
® 62 86055 
@ 04 08056 
® 18 88031 

-o 00054 
980000 
® 900000 
14 6229 
14 63708 
809201 

-@ 62 00014 
@ 04 80053 

-® 82 68853 
@ 84 90056 
@ 18 880831 
900261 
000000 
@ 12 60014 

-8 81 60014 
® 868000 
34 8164 
® 81 08032 
14 9104 
@ 02 99052 
® 18 96042 
@ 22 80056 
® 19 99042 

-® 81 06031 
@ 900000 
0416 76 
74 88004 
@ 81 00844 
8416 70 
74 88004 
@ 61 09047 

-@8 B61 98842 
186612 
800080 
805243 
143324 
900000 

CRLF 

* 

ERR 

ERR1 

HALT 

CONT 

OUT 

CRLF 
TEMP 

FT 
OP 

SUBR 
SUBR 
REL 
DAC 
ocP 
ocP 
LDA® 
STA 
LDA* 
STA 
LDA 
STA 
JST 
JST* 
oct 
DAC 
OcP 
ocP 
IAB 
LDA* 
STA 
LDA* 
STA 
JST 
1AB 
HLT 
IRS 
JMP* 
DAC 
SKS 
JMP 
ocPp 
LDA 
JST 
LDA 
JST 
JM P® 
DAC 
ALR 
OTA 
JMP 
ALR 
OTA 
JMP 
JM P* 
oct 
OcT 
OCT 
ocT 
ocT 
FIN 
END 

980052 ERR 

PAGE 

FSHTsHALT 
FSERs ERR 

** 
"229 
378 
ERR 
TEMP 
TEMP 
ERRI+1 
FT 
OP 
CONT 
TEMP+1 
@ 
** 
"220 
°378 

HALT 
TEMP 
TEMP 
OP 
CONT 

HALT 
HALT 
** 

*104 
sol 
184 
CRLF 
OUT 
OP 
OUT 

wl 
OUT 
196612 
@ 

$243 
143324 
a 

800000 ERR1 

FSER FOR USE WITH HADIOS EXECUTIVE 

900012



C-4-1 

Cc-4 SUBROUTINES MYS1, MYSR 

The subroutines shown in Table C-4.1 are 

dummy routines loaded with the HADIOS EXECUTIVE 

PROGRAM in case either of the special purpose 

digital output subroutines are mistakenly called 

when they have not been loaded.



0001 
9902 
6003 
8004 
0005 
0006 
6907 
8008 
0069 
0816 
B11 
e912 
0013 
0014 
e015 
@616 
@017 
Q018 
0019 
8020 
6621 
g922 
0623 
8024 

Al 

TABLE C-4.1. 

80000 
80001 
20002 
88003 
88004 
8090S 

-@ 10 99005 
151661 
@ 600000 

-@ 18 98005 
151722 
936707 

809000 A2 

- SUBROUTINES MYS1, MYSR 

* SUBR MYS1 & MYSR = DUMMY 

* 

88890 WARNING OR ERROR FLAGS 
DAP-16 MOD 2 REV. C 

SUBR MYS1t &@ MYSR - DUMMY 
* 

* THESE ARE DUMMY ROUTINES 
* LOADED TO GENERATE ERROR 
* CONDITIONS IF THE HADIOS 
* EXEC. CALLS THE SPECIAL 
* PURPOSE DIGITAL OUTPUT 
* ROUTINES WHEN THEY HAVE 
* NOT BEEN LOADED. 
* 

* MYS1 - CALLED FROM BASIC. 
* MYSR - CALLED BY THE 
* HADIOS EXEC. 
* 

SUBR MYSI1;A1 
SUBR MYSR» A2 
REL 

Al JST* ERG 
BCL 1,381 

A2 DAC +s 
JST* ERCL 
BCI 1, SR 

ERCL OCT 36707 
END 

990062 ERCL 909805 

91-26-71 

PAGE
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C-5 CONSTRUCTION OF THE HADIOS EXECUTIVE PACKAGE 
  

MK. 2 

The following procedure was used when 

constructing the HADIOS EXECUTIVE PACKAGE MK. 2. 

When the phrase 'load an object tape' is used 

it should be taken to mean that the object 

loader, LDR-APM, is used. 

(1) Clear the computer's memory. 

(2) Load an SLST of the 30 000 DEBUG into 

sectors 30-35 inclusive. 

(3) Load an SLST of BASIC-16 into sectors 

O-7 inclusive. 

(4) Load an SLST of LDR-APM Rev E (entry 

point 16000. ) into sectors 13-16 inclusive. 

(5) Load an object tape of PALAP into 

sector 17. 

- P = 16000,, A = 17000,. 3° 

(6) Enter DEBUG (P = 30000. ) and carry out 

the following checks/modifications: 

(a) Modify the BASIC-16 initialisation 

message (locations 166, to 203.) to, 

'HADIOS EXEC. MK.2 22.6.76 <CR,LE> ' 

(b) Modify the BASIC High Address initialisation 

procedure,



location (octal) contents (octal) 

7240 to 7243 NOP 

7245 JMP 7301 

7367 35337 

(c) Modify location 2540, to 052726, to 

correct a fault in the BASIC-16 Interpreter, 

see reference (C.1). 

(d) Check the following locations in LDR-APM, 

location 15000, should contain 877778 = 

COMMON base 

location 13167, should contain NOP - 

enables object tapes to be loaded from magnetic 

tape cassette. 

(e) Make the modification outlined in 

Appendix B-5 to permit punch interrupts when using 

the I/O modification program (see Appendix B-2). 

The address AA, which is specified in Appendix B-5 

is 770g. 

(7) Load an object tape of the program to 

relocate the ADT1-8 table from locations 61,-70. 

to 757, -766, (see Appendix C-2). 
8 

-P= 16000...



(8) Load an object tape of the INPUT/OUTPUT 

Modification Program into locations 7203-751. 

=P i= 16000., A= 720. 

(9) Load object tapes of the HADIOS EXECUTIVE 

PROGRAM REVISION O1 (see Appendix C-1), the required 

Fortran Libraries, the special versions of subroutines 

F$ER and F$HT (see Appendix C-3) and the dummy 

versions of subroutines MYS1 and MYSR (see 

Appendix C-4). Loading proceeds as follows, 

(a) P=16000,, A=36000, - load HADIOS EXEC 

Rev. Ol. 

(b) P=16003., A=37102., B037574. 

- load M$22, N$22, ARG$ 

(these routines having been previously obtained 

from the standard Fortran Library tape). 

B=35773 (c) P=16003., A=35340, - load 
8’ 8 

C$12, S$22, F$AT (these routines having been 

previously obtained from the standard Fortran 

Library tape). 

(d) Press start - load special versions of 

F$ER and F$HT. 

(e) Press start - load MYSR and MYS1. 

(£) P=16002 - take a memory map (see Table C-5.1) 

(10) Use PALAP to punch out an SLST of the 

contents of memory between locations 100, and 37577..



TABLE C-5.1 — MEMORY MAP OF THE LOADING PROCEDURE 

__USED WHEN MAKING THE HADIOS EXECUTIVE 

PROGRAM MK. 2. 

* LOW 86551 
* START @0551 
*HIGH 37572 
*NAMES 12677 
*COMN 37777 

* BASE 35775 
*BASE 37575 
cgl2 35348 
S$s22 35372 
AS$22 35488 
FSAT 35622 
F SER 35784 
FSdT 35722 
MYS1 35764 
MYSR 35766 
4$22X 37102 
M$22 37132 
DS22x 37263 
Ds$22 37263 
N$22 37522 
H $22 37534 
ARGS 37552 

LC
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C-6. ADDITION OF OTHER SUBROUTINES TO THE 
  

HADIOS EXECUTIVE PACKAGE MK. 2. 

In this version of the HADIOS EXECUTIVE 

PACKAGE provision has been made for the loading 

of additional subroutines required by the user. 

Two restrictions which apply to the addition 

of other subroutines are, 

(i) Additional subroutines must be loaded 

below location 353778 using the loader incorporated 

in the package - entry point P=16000,. 

(ii) When these additional subroutines use 

COMMON, the COMMON base specified by the memory 

map of that particular load must be above 

location 37600.. 

Normally additional subroutines can be 

split into the following categories: 

(a) A subroutine written in DAP-16MOD2 Assembler 

to initialise a special function directly concerned 

with the HADIOS EXECUTIVE PROGRAM. This subroutine 

can be accessed by a CALL (3, ---) in the BASIC 

program; this CALL statement should be included 

in the einai eation section of the BASIC program. 

This subroutine is entered from the HADIOS 

EXECUTIVE PROGRAM by a JMP (not a JST) through



a local address word to location 36165... Thus 

the address which is hand patched into location 

36165, is the first executable instruction of 
8 

the subroutine and not a DAC **. Similarly 

an exit from the subroutine is achieved by 

a JMP* a local address word containing 4013, 

and not a JMP* the entry point. 

One further restriction on the structure 

of this subroutine is that if the BASIC CALL 

statement has arguments (e.g. CALL (3,N,X)) then 

a pseudo subroutine entry point must be used 

so that F$AT can be used to fetch the argument 

addresses from the buffer in the BASIC-16 

Interpreter. 

As a result of the above restrictions, the 

overall structure of subroutine 3 will be, 

IBUF EQU '230 

AA ---------- First executable 
instruction 

LDA NEXT See line 259 of Table C-1.1 

STA #+2 

JMP #+2 

BB DAC <a Pseudo subroutine entry 
point



JST* FAT 

DEC 2 

N BSZ al! 

x BSZ 1 

JMP* CLO6 

CLO6 oct 4013 

FAT XAC F$AT 

In the above example AA is the entry point of 

subroutine 3 and the address of this location 

should be stored in location 36165. 

(b) A subroutine written in DAP-16MOD2 

Assembler to generate a binary integer for 

transmission to experimental equipment as a 16 

bit pattern by the digital output subinterface. 

This subroutine should be written using the 

conventional structure for DAP-16 subroutines 

and must store the binary integer to be output 

in location 36442, (WORD). This type of subroutine 

is not called directly from the BASIC program but 

is accessed by selecting the digital output 

option (see Table 6.1) and setting Pion? (see 

section 6.5.1).



(c) Additional subroutines written in FORTRAN 

IV or DAP-16MOD2 Assembler, e.g. Graphical or 

Matrix routines. These subroutines should be 

written using conventional structures and when 

loaded, the start addressed of the routines 

which are to be called from the BASIC program 

should be stored into locations 521, to 527 as 3° 

required. In addition, the address 230. (DAC 

IBUF) should be stored into location 36166, 

and onwards for as many subroutines as are 

called. 

: There can be up to 7 of this type of 

subroutine and they will be numbered from 4 to 

10 at the BASIC level. 

C-6.1. NOTES 

(i) When routines from the Fortran libraries 

are required by any of these additional Subroutines 

they should be loaded as well. No attempts 

should be made to use the Fortran libraries 

loaded with HADIOS EXECUTIVE PROGRAM as these 

are required by the Counter Input half-full 

interrupt sections of the program.



(ii) The special version of subroutine F$ER, 

F$HT should be used as this returns the program 

to the BASIC command mode when an execution 

error is detected by the Fortran libraries. 

(iii) When BASE is required loading should 

take place by the second method described in 

section 6.2.5.1. Base section relocation is 

not advisable as this can be affected by the 

interrupts of the CPU.



C-7. ERROR MESSAGES GENERATED BY THE HADIOS 

EXECUTIVE PROGRAM Rev. O1 

Error Message Format : ERROR XY LINE NNN, 

where, NNN is a line number in the BASIC 

program. 

and, XY is one of mnemonics defined by 1 to 7 

below 

1. TF - the clock interrupt frequency (Py) is too 

small and so instructions in the Inter- 

scan Basic Processing section of the BASIC 

program were still being executed when 

a clock interrupt took place. Clearly 

this would lead to a backlog of processing 

at the BASIC level if it were allowed to 

go unchecked and so execution is terminated. 

2. NR - an unidentifiable interrupt has occurred 

and execution is terminated. 

3. NC - the HADIOS controller has interrupted 

the central processor but the interrupting 

device was not the counter. Execution is 

terminated. 

4. UI - the execution of the program has been



5. RI - 

6. Sl - 

7. SR - 

terminated by user interference. This is 

caused by the user setting sense switch 

2 which not only terminates execution 

but also disenables all interrupts. 

a real to integer conversion error has 

occurred in the HADIOS EXECUTIVE PROGRAM, 

i.e. conversion of a real number outside 

the range -32768 to +32767 has been 

attempted. This error can also occur in 

the Fortran libraries but this will 

result in a different error message - see 8. 

An attempt has been made to CALL subroutine 

3 when a special purpose routine has not 

been loaded. 

the HADIOS EXECUTIVE PROGRAM has attempted 

to CALL a special purpose digital output 

subroutine when it has not been loaded, 

i.e. digital output has been selected 

(see Table 6.1) and Pip=2 when no special 

subroutine is present. 

8. Error messages preceded by a line containing 

the mnemonic FT represent execution errors 

which occurred in the Fortran libraries.
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D-1 EXECUTIVE SYSTEM FUNCTIONS - DAP-16 

PROGRAMMING DETAILS 

Programs contained within an OP-16 system 

communicate with the Executive (and, in turn 

with other programs) by means of system functions. 

There are 8 standard system functions used within 

OP-16 systems and these are briefly discussed 

below together with the DAP-16 programming 

details. 

D-1.1. FUNCTION 1 - REQUEST PROGRAM 

Location Contents Comment 

PS JST* XLNK Function handler 
entrance 

P+1 DEC 1 Function number 

P+2 BCI Tr sass Name of requested 
program 

P+3 DAC <error return point> 

P+4 OCT <communication 
parameter> 

P+5 Normal return point 

The requested program is not started up by this 

function but merely requested. The Executive 

Scheduler will start the requested program as 

soon as this is possible. All system functions



enter the executive at a common entry point, 

XLNK. 

D-1.2. FUNCTION 2 - SCHEDULE LABEL 

Location Contents Comments 

P JST* XLNK Function handler 
entrance 

P+1 DEC 2 Function number 

P+2 BCI 1,<A2> Name of program in 

which label is to 
be scheduled 

P+3 DAC <error return 
point> 

P+4 DAC <label to be 
scheduled> 

B+5 Normal return point 

The major use of the Schedule Label function 

is to allow a program which services another to 

call the first one back after its service is 

complete. The program in which the label is 

scheduled must be in an active state. 

D=1.3 FUNCTION 3 - CONNECT CLOCK 

Location Contents Comments 

P JST* XLNK Function handler 
entrance 

P+1 DEC 3 Function number



P+2 

P+3 

P+4 

P+5 

P+6 

P+7 

BCI 

DAC 

DEC 

DEC 

DEC 

1,<A2> Name of program 

<error return point> 

<time until first 
execution> 

<interval between 
subsequent executions> 

<base frequency> 

Normal return point 

This function is used to connect a program to 

the clock for automatic initiation by the Executive 

Real Time Clock program. The requested program 

is first executed after the delay specified by 

location P+4 and thereafter on a periodic basis 

as specified by P+5. 

D-1.4 FUNCTION 4 - DISCONNECT CLOCK 
  

Location 

P 

P+1 

P+2 

P+3 

P+4 

P+5 

Contents Comments 

JST* XLNK Function handler 
entrance 

DEC 4 Function number 

BCI 1,<A2> Name of program 
to be disconnected 

DAC <error return point> 

DEC <base frequency> 

Normal return 
point



This function requests the executive to 

stop the periodic execution of a program 

connected to the Real Time Clock program. 

D-1.5 FUNCTION 5 - CONNECT INTERRUPT 
  

Location Contents Comments 

P JST* XLNK Function handler 
entrance 

P+1 DEC 5 Function number 

P+2 DEC <interrupt 
reference number> 

P+3 DAC <error return 
point> 

B+4 DAC <start of 
interrupt 
response code> 

P+5 Normal return point 

This function informs the Executive Interrupt 

Handler that the program wishes to respond to any 

interrupts generated by the peripheral device 

designated by the interrupt reference number. 

When such interrupts occur the executive will 

direct the program to the response code specified 

by the contents of location P+4. 

D-1.6 FUNCTION 6 - DISCONNECT INTERRUPT 

Location Contents Comments 

Pp JST* XLNK Function handler 
entrance



P+1 DEC 6 Function number 

P+2 DEC <interrupt reference 
number> 

P+3 Return point 

This function informs the Executive that the 

calling program no longer wishes to respond to 

the named interrupt. 

D-1.7 FUNCTION 7 - TERMINATE 

Location Contents Comments 

Pp JST* XLNK Function handler 
entrance 

Ptr DEC 7 Function number 

This function enables the program to inform 

the executive when it has finished execution. 

Control is returned to the Executive with no 

return to the program. If the program attempts 

to terminate with an interrupt still connected, 

an error message will be printed and the program 

disabled. Otherwise, all parameters associated 

with the running of the program will be reset. 

D-1.8 FUNCTION 8 - WAIT 

Location Contents Comments 

Pp JST* XLNK Function handler 
entrance



Pri DEC 8 Function number 

This function informs the Executive that the 

program wishes to suspend execution until it is 

restarted by a schedule label function or by 

its interrupt response code.
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D-2 EXTENDED HONEYWELL FORTRAN 

In Revision J of the standard Series 16 

FORTRAN IV Compiler, new capabilities were added 

to facilitate the writing of Fortran programs 

to run under the OP-16 operating system. This 

appendix describes the programming rules for 

this revision of the compiler. 

D-2.1. ADDITIONAL COMPILER FEATURES 

The additional features included in Revision 

J of the compiler are as follows: 

OP-16 Statements 

- In-line Assembly Code 

Octal Constants 

P 
woo

 
dD
 

Special DATA statement capabilities 

5. The compiler library generation option 

6. Additions to the FORTRAN MATHS. Library 

D-2.2. OP-16 STATEMENTS 

Throughout this section parameters are defined 

only once and so in some cases it may be necessary 

to refer to earlier definitions for an explanation.



D-2.2.1. THE HEADER STATEMENT 

This statement is used to generate the 

program header for programs which are to be run 

under OP-16 and it has the following form: 

HEADER N(P), LN 

where, N is 1 or 2 character alphanumeric name, 

LN is the number of words to generate for 

scheduled labels (default 4), 

and, P is the communication parameter (optional) 

D-2.2.2. REQUEST STATEMENT 

This statement is used to generate a Request 

Program executive call (function 1) and it has 

the following form: 

REQUEST I(P) ,, E 

where, I is any integer expression, which is 

evaluated and used as the name of the 

program being requested, 

and, E is the statement number to which 

control is to be passed if the request 

fails. 

D-2.2.3. SCHEDULE STATEMENT 

This statement is used to generate a schedule



label executive call (function 2) and it has 

the following form: 

SCHEDULE L(I) , E 

where, L is the label to be scheduled. This may 

either be a statement number or an 

integer expression. 

D-2.2.4. CONNECT CLOCK STATEMENT 

This statement is used to generate a connect 

clock executive call (function 3) and it has the 

following form: 

CONNECT CLOCK I (J,K), IB, E 

where, J is time of first execution, 

K is the interval between successive 

executions of the program, 

and, IB is the Base frequency (see reference 

6.8). 

D-2.2.5. DISCONNECT CLOCK STATEMENT 
  

This statement is used to generate a disconnect 

clock executive request (function 4) and it has 

the following form: 

DISCONNECT CLOCK I (IB), E



D-2.2.6. CONNECT INTERRUPT STATEMENT 
  

This statement is used to generate a 

connect interrupt executive function request 

(function 5) and it has the following form: 

CONNECT INTERRUPT N(R), 

where, R is the interrupt reference number. 

D-2.2.7. DISCONNECT INTERRUPT STATEMENT 
  

This statement is used to generate a disconnect 

interrupt executive request (function 6) and it 

has the following form: 

DISCONNECT INTERRUPT N 

D-2.2.8. TERMINATE STATEMENT 

This statement is used to generate a terminate 

program executive request (function 7) and it has 

the following form: 

TERMINATE 

D-2.2.9. WAIT STATEMENT 

This statement is used to generate a program 

wait executive request (function 8) and it has 

the following form: 

WAIT



When such a statement is used the. next executable 

statement must have a line number. 

D-2.2.10. PRINT ERROR STATEMENT 

This statement is used to generate a call to 

the system's error print routine (EPMOD) and has 

the following form: 

PRINT ERROR I(IE) 

where, IE is the error code. 

D~2.2.11. INTERRUPT BLOCK STATEMENT 
  

This statement is used to declare that a 

section of a program is interrupt response code. 

The statement has the following form, 

INTERRUPT BLOCK N 

D-2.2.12. INTERRUPT RETURN STATEMENT 
  

This statement is used to exit from interrupt 

response code and has the following form: 

INTERRUPT RETURN K 

D-2.3. IN-LINE ASSEMBLY CODE 

Revision J of the Fortran Compiler incorporates



a small assembler which is capable of processing 

all 1/0, shift and generic instructions. A line 

of assembly code consists of an 'A' in column 

one and a legal 3 character instruction mnemonic 

beginning in column 7, e.g. 

Column 1 Column 7, 8, 9 

A SSM 

D-2.4. OCTAL CONSTANTS 
  

An octal constant may now be used anywhere 

an integer constant is permitted by preceding 

the six digit number with a colon (:), e.g. 

17710 

D-2.5. DATA STATEMENT ENHANCEMENTS 

To facilitate compile time set up of OP-16 

driver parameter lists, two extensions have been 

made to the data statement syntax. First, an 

integer variable may be initialised to the address 

of a statement by placing the statement number 

preceded by a dollar sign ($) in the constant 

list; é.g- 

DATA I|$200| 

The second extension is used to initialise one



variable to the address of another variable, e.g. 

DATA N/M/ 

This would be equivalent to the assembly language 

statement: 

N DAC M 

D-2.6. COMPILER LIBRARY GENERATION FACILITY 

The special features available are, 

(1) Register load: 

. = Grioyy2 

loads the A register with (I+10)/2 

(2) Register store: 

I= 

will store the contents of the A register in I. 

(3) Register test: 

TF Cops esencs 

Execution proceeds to statements Sl, S2 or S83 

depending on the contents of the 'A' register. 

D-2.7. FORTRAN LIBRARY ADDITIONS 

Three routines have been added to the standard 

FORTRAN MATHS. Library to facilitate the writing



of OP-16 programs in FORTRAN. 

(1) Function LOC (arg). 

This function returns as its value the address 
' 

of its argument. 

(2) Function IFETCH (arg). 

This function returns as its value the 

contents of the memory location whose address is 

specified by the argument. 

(3) Subroutine ISTORE (argl, arg2) 

This subroutine is used to set the memory 

location whose address is contained in the first 

argument to the value contained in the second 

argument. 

N.B. All arguments for the above additions must 

be of the integer type.
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D-3 FUNCTIONS SUPPORTED BY THE UTILITY 

PROGRAM (ONLCUP ) 

D-3.1. PRINT TIME 

Format SF = PT (CR) 

Function Prints the system time in (decimal) 

hours and minutes, based on the 24-hour 

clock. 

D-3.2. REPLACE TIME 

Format SF = RT <hours>, <minutes> (CR) 

Function Replaces the system time with the 

(decimal) hours and minutes specified. 

D-3.3. REQUEST PROGRAM 

Format SF = RP <name>, <parameter> (CR) 

Function Requests Executive System Function l, 

i.e. request the execution of a program 

and optionally passes an octal parameter 

to it. 

D-3.4. CONNECT CLOCK 

Format SF = CC <name>, <initial> , <interval>, 

<base> (CR) 

Function Connects a program to the system clock 

for automatic periodic execution.



D-3.5. DISCONNECT CLOCK 

Format : SF = DC <name>, <base> (CR) 

Function : Disconnects a program from the system 

clock. 

D-3.6. REPLACE CORE 

Format : SF = RC <CSA> (CR) 

Function : Prints and optionally replaces the 

contents of an area of core starting 

at a specified address in core. 

D-3.7. PRINT CORE 

Format : SF = PC <CSA>, <CEA> (CR) 

Function : Prints the contents of core between the 

specified addresses. 

D-3.8. PRINT LIMITS 

Format : SF = PL (CR) 

Function : Prints the core protection limits. 

Utility functions are prevented from 

modifying core locations outside these 

limits. 

D=3.9. REPLACE LIMITS 

Format : SF = RL, <low limit>, <high limit> (CR)



  

  

  

Function Replaces the core protection limits 

with those specified. 

D-3.10. TRANSFER - CORE TO PAPER TAPE 

Format SF = TR COPP <CSA>, <CEA> (CR) 

Function Transfers a specified area of core to 

paper tape in the form of binary 

information. 

D-3.11. TRANSFER - PAPER TAPE TO CORE 

Format SF = TR PRCO <CSA>, <CEA> (CR) 

Function Transfers binary information from 

paper tape to a specified area of core. 

D-3.12. VERIFY - PAPER TAPE AGAINST CORE 

Format SF = VE PRCO <CSA>, <CEA> (CR) 

Function : Verifies the information from paper 

tape against a specified area of core. 

For details of the various characters and 

abbreviations associated with the utility program 

see Table D-3.1.



TABLE D-3.1. - CHARACTERS OR ABBREVIATIONS 

ASSOCIATED WITH ONLCUP 

  

  

CHARACTER OR 
ABBREVIATION NG 

name Name of a system program (two ASCII 
characters) 

initial Time (decimal) until first execution 

interval Interval (decimal) between subsequent 
executions 

base Base frequency as follows: 

O, initial - absolute time of day 
interval - minutes. 

1, initial and interval in 50 ms units 

2, initial and interval in secs 

3, initial and interval in minutes 

<CSA> Core Start Address 

<CEA> Core End Address 

(CR) Carriage return - terminates a 
command line 

if Deletes the current line and causes 
SF = to be output 

$ Requests the utility program 

! Terminates the utility program 
when typed in response to SF =        
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E-1 HADIOS DRIVERS SUPERVISORY PROGRAM (H1-H6) 

Table E-1.1 shows a listing of the supervisory 

program, described in section 6.6.1, which controls 

the requests of the standard Honeywell drivers 

HAD-ANI and HAD-DIO.



0801 
e002 
8003 
8604 
6005 
9086 
9807 

TABLE E-1.1 - HADIOS DRIVERS SUPERVISORY PROGRAM 
  

9969 
8019 
9811 
e012 
6013 
9014 
@015 
O016 
9617 
9018 
8819 
9026 
6021 
9922 
e023 
0224 
9925 
0626 
8627 
8028 
9929 
8038 
9031 
8032 
9633 
8934 
6035 
9636 
6037 
6838 
0039 
8946 
0041 
6042 
9043 
9044 
8045 
@646 
0047 
9848 
8049 
9058 
0651 
e052 
6053 
9054 
@@SS 
6856 
8087 

98000 
90801 
@8006 
22007 
88010 
08011 
98012 
86613 
98014 
98015 
@8016 
68017 
69929 
60021 
e9¢22 
60923 
68924 

$6025 
98026 
998633 
20034 
98635 
80036 
89037 
86840 
98041 
90042 
98943 
88044 
80045 
98046 
00847 
89050 
99051 

90052 

177777 
860800 

18 98417 
82 99920 
94 60158 
92 90021 
64 88153 
82 80022 
84 88154 
62 90024 
@4 98155 
61 98134 

144261 
198061 
® 800023 
961079 
@ 890156 

177777 
980808 

18 80417 
82 60045 
84 061590 
82 90046 
@4 @0153 
®2 98651 
84 98155 
92 66047 
84 88154 
81 68134 

144262 
886001 
@ 900050 
@913768 
®@ 660157 

B
S
e
e
2
e
o
o
0
e
a
2
s
o
o
s
 

177777 

* HADIOS DRIVER INTERFACES PAGE 

* HADIOS DRIVER INTERFACES 
* CH1I-H6) 
* 

* 15602677 
* 

SUBR H1 
SUBR H2 
SUBR H3 
SUBR H4 
SUBR HS 
SUBR H6 
ENT BUFD 
ENT ENS1 
ENT ADBF 
ENT PCTR 

* 
* DIGITAL INPUT/OUTPUT 
* 

REL 
* DIGITAL INPUT 

DEC at 
BSZ 5 

Ht JST PARA 
LDA PN1 
STA PAR 
LDA SsT1 
STA PAR+3 
LDA DEV1 
STA PAR+ 4 
LDA BFD! 
STA PAR+S 
JMP RP 

PN1 BCI 15H1 
ST1 OCT 196801 
DEV1 DAC *+1 

oct 1678 
BFD1 DAC BUFD 
* DIGITAL OUTPUT 

DEC ci 
BSZ 5 

He JST PARA 
LDA PN2 
STA PAR 
LDA ste 
STA PAR+3 
LDA BFD2 
STA PAR+S 
LDA DEV2 
STA PAR+4 
JMP RP 

PN2 BCI 1,H2 
sT2 OcT 1 
DEV2 DAC ¥+1 

OocT: 1378 
BFD2 DAC BUFD+1 
* COUNTER INPUT 

DEC =



8658 
8859 
0960 
6061 
8062 
8863 
0964 
9965 
9866 
O67 
8068 
9669 
88798 
8871 
9a72 
88673 
0874 
8075S 
OO76 
9077 
8078 
9879 
99898 
9081 
8082 
9883 
0084 
9085 
8886 
9087 
0988 
9989 
8990 
9991 
9o92 
8893 
9694 
6095 
9896 
9097 
9098 
9999 
0100 
8101 
8192 
61983 
8104 
8105 
8106 
G107 
9108 
9109 
0119 
O11 
0112 
8113 
6114 

80953 
800690 
90061 
90062 
90063 
@8064 
06665 
O0G66 
O0067 
88878 
90071 
90072 
88873 
80074 
90075 
00076 

90977 
80180 
98195 
96196 
00197 
00118 
@O111 
98112 
96113 
90114 
98115 
O8116 
@G117 
86129 
06121 
og122 
96123 
00124 

89125 
96126 
80127 
96138 
98131 
06132 
08133 

08134 
00135 
88136 
90137 
60140 

00141 
99142 

68143 
@8144 
96145 
00146 

968009 
10 88417 
82 60872 
24 66150 
92 68673 
G4 96153 
G2 08074 
@4 00154 
@2 99876 
64 96155 
@1 86134 

144263 
199001 
® 888875 
909278 
8 966160 

B
S
e
e
o
o
o
o
o
o
s
 

177777 
800000 
@ 18 60417 

G2 60120 
69156 
90121 
90153 
90122 
99154 
60124 

94 68155 
14 0270 
@ 81 66134 
144264 
060001 
@ 800123 
980370 
® 060161 

a 
@ 
2 
® 04 
@ 
@ 
@ 

@ 999090 
14 9376 
®@ 16 06401 
® 880166 
® 62 66133 

-8 91 60125 
080009 

-8 18 68400 
089001 
144304 
® 880431 
@ 660150 

-8 16 86400 
969016 

981001 
@ 19 68401 
®@ 806162 
986461 

TABLE E-1.1 - continued 

* HADIOS DRIVER INTERFACES PAGE 

BSZ 5 
H3 JST PARA 

LDA PN3 
STA PAR 
LDA ST3 
STA PAR+3 
LDA DEV3 
STA PAR+4 
LDA BFD3 
STA PAR+5 
JMP RP 

PN3 BCI 1sH3 
ST3 OCT 180001 
DEV3 DAC ¥+1 

oct 270 
BFD3 DAC BUFD+2 
* PRESET COUNTER 

DEC =i 
BSZ s 

H4 JST PARA 
LDA PN4 
STA PAR 
LDA SsT4 
STA PAR+3 
LDA DEV4 
STA PAR+4 
LDA BFD4 
STA PAR+5 
ocP 278 
JMP RP 

PN4 BCI 1sH4 
ST4 OCT 1 
DEV4 DAC eel 

OcT 370 
BFD4 DAC BUFD+3 
* COUNTER INT RESPONSE 
HS DAC ee 

ocp °378 
JST TIME 
DAC BUFD+8 
LDA RIN 
JMP* HS 

RIN BSZ 1 
* REQUEST PROG - HD 
RP JST* XLNK 

DEC 1 
BCI 1sHD 
DAC ERI 
DAC PAR 

* WALT 
JST# XLNK 
DEC 8 

* READ TIME 
RT INH 

JST TIME 
DAC BUFD+4 
ENB



TABLE E-1.1 - continued 

* HADIOS DRIVER INTERFACES PAGE 

O115 * SCHEDULE LABEL FOR RETURN 
6116 90147 @ 81 66371 JMP LB 
@117 86156 ® 68 2908 PAR *** ee 

8118 90151 @ 906143 DAC RT 
6119 96152 @ 8880433 Dac ER2 
9128 68153 @ 88 88000 ae ae 
8121 89154 ®@ 88 89000 ak ek 
6122 90155 8 B® 68000 aK Ee 
9123 96156 900000 BUFD BSZ 12 
9124 906161 PCTR EU BUFD+3 
@125 * 
126 * ANALOGUE INPUT 
9127 * 
9128 86172 177777 DEC = 1 
9129 90173 200900 BSZ 5 
9130 90209 18 00417 H6 JST PARA 
@131 * CLEAR BUFA 
@132 99201 @ 35 00462 LDXx 2-17 
9133 99202 1486408 CRA 
9134 98263 1 04 98311 STA BUFA+ 175 1 
@135 06204 @ 12 96900 IRS 9 
6136 @020S5 @ 81 98203 JMP  #-2 
9137 * INITIALISE ENSEMBLE COUNT 
@138 89206 9 82 68341 LDA ENS1 
8139 66287 148407 TCA 
0148 002108 ®@ 84 086340 STA ENS 
@141 * REQUEST PROG MULTIPLEXER 0 
@142 90211 @ @2 88332 MUX LDA STP1 
143 90212 @ 84 80334 STA STP 
9144 80213 ® 82 00461 LDA 216 
8145 66214 ®@ 84 88365 STA PAR1+3 
@146 98215 @ 92 86335 LDA DAT1 
@147 90216 ®@ 84 00370 STA PAR1+6 
8148 90217 @ 18 68351 JST RPRG 
6149 * REQUEST PROG MULTIPLEXER 1 
8150 86220 ® 62 98333 LDA STP2 
@151 66221 ® 84 60334 STA STP 
6152 98222 62 80460 LDA =1 
9153 99223 @ 04 88365 STA PAR1I+3 
9154 00224 92 08336 LDA DAT2 
@155 96225 ® 84 88378 STA PARI+6 
156 90226 9 19 68351 JST RPRG 
@157 * STORE DATA 
0158 00227 @ 35 60462 LDx =-17 
0159 99230 1 62 06332 STDA LDA BUFB+ 175 1 
9168 06231 0404 72 LGR 6 
0161 68232 1 86 00311 ADD BUFA+t 175 1 
8162 68233 1 04 00311 STA BUFA+ 17s 1 
9163 66234 ® 12 898000 IRS a 
9164 98235 91 98238 JMP STDA 
9165 * TEST FOR ANOTHER SCAN 
8166 90236 ® 12 86340 IRS ENS 
0167 88237 @ 81 00211 JMP MUX 
0168 * READ TIME 
8169 08240 681901 INH 
9179 90241 9 18 68401 JST TIME 
0171 96242 960162 DAC BUFD+ 4



9172 
8173 
0174 
8175 
6176 
177 
9178 
9179 
G186 
6181 
6182 
8183 
8184 
8185 
0186 
8187 
0188 
9189 
9199 
6191 
e192 
8193 
8194 
9195 
8196 
9197 
0198 
6199 
9200 
9201 
8262 
9263 
8204 
8205 
8206 
9287 
9298 
9289 
8218 
9211 
@212 
6213 
8214 
9215 
0216 
O217 
8218 
9219 
9229 
@221 
9222 
9223 
@224 
9225 
0226 
9227 
9228 

TABLE E-1.1 - continued 

00243 

90244 
96245 
00246 
00247 
00250 
@6251 
90252 
98253 
00254 
98255 
00256 
86257 
00260 
98261 
80262 
89263 
90264 
9026S 
96266 

@8267 
002798 
08311 
98332 
98333 
88334 
98335 
06336 
06337 
88348 
96341 
66342 
08344 
00345 
98346 
80347 
88358 

68351 
88352 
90353 
90354 
96355 
86356 
88357 
88368 
90361 
00362 
08363 
90364 
86365 
80366 
00367 
90379 

@68401 

a 
-@ 
-@8 

—
S
o
e
o
c
o
o
o
e
 

82 68341 
19 90344 
18 68346 
980342 
92 99358 
G4 880347 
B82 08462 
84 60340 
35 88348 
@2 96311 
18 68344 
18 88345 
000342 
16 96346 
988347 
12 00347 
12 08347 
12 60348 
61 66254 

81 98371 
990008 
060900 
802900 
982020 
880909 

000311 
0800331 

660178 
960900 
860912 
000000 
a 
a 
9 

900080 
900000 
900600 

880000 
816407 

a 
-0 

800000 
19 00486 

960001 
144311 
@ 
a 

-@ 

988435 
900362 
19 96400 

800019 
@1 68351 

144266 

e
2
o
e
o
o
o
g
 980361 
880437 
88 80000 
890334 
986337 
98 99000 

* HADIOS DRIVER INTERFACES 

ENB 
* ANALOGUE DATA PROCESSING 

REP 

* SCHEDULE 

BUFA 
BUFB 
STP1 
STP2 
STP 
DATI 
DAT2 
DADA 
ENS 
ENS1 
ENSR 
c12 
Dee 
Hee 
ADRS 
ADBF 

LDA 
JST* 
JST* 
DAC 
LDA 
STA 
LDA 
STA 
LDXx 
LDA 
JST* 
JST* 
DAC 
JST* 
DAC* 

IRS 
IRS 
IRS 
JMP 

JMP 
BSZ 
BSZ 
oct 
oct 
BSZ 
DAC 
DAC 
oct 
BSZ 
DEC 
BSZ 
xAC 
xAc 
XAC 
BSZ 
OcT 

* REQUEST 
RPRG 

RTRN 
PARI 

DAC 
JST* 
DEC 
BCI 
DAC 
DAC 
JST* 
DEC 
JM Px 
BCI 
DAC 
DAC 
eee 

Dac 
DAC 
eae 

ENS1 
c12 
Hee 
ENSR 
ADBF 
ADRS 
=-17 
ENS 
ENS 
BUFAt 17. 1 
c12 
bDe2 
ENSR 
H22 
ADRS 
ADRS 
ADRS 
ENS 
REP 
LABEL FOR RETURN 
LB 
17 
17 
2600 
2626 
1 
BUFB 
BUFB+ 16 
170 
1 
16 
2 
csi2 
Ds22 
H$22 
1 
16407 

PROG - HI 
ee 

XLNK 
1 
1,HI 
ER3 
PARI 
XLNK 
8 
RPRG 
1,H6 
RTRN 
ER4 
** 

STP 
DADA 
ae 

PAGE



9229 
6230 
6231 
6232 
9233 
9234 
6235 
8236 
6237 
8238 
6239 
9249 
e241 
9242 
6243 
6244 
9245 
@246 
8247 

9249 
9258 
9251 
g2se 
@253 
9254 
9255 
9256 
6257 
9258 
9259 
268 
9261 
9262 
6263 
9264 
9265 
9266 
0267 
9268 
@269 
9276 
ge71 
g272 
9273 
9274 
6275S 
9276 
@277 
0278 
6279 
6280 
0281 
9282 
9283 
8284 
0285 

TABLE E-1.1 - continued 

96371 
90372 
96373 
90374 
80375 

80376 
89377 
80480 

88481 
00482 
90483 
80404 
98485 
80486 
08407 
90410 
@0411 
90412 
90413 
@0414 
90415 
@0416 

90417 
60420 
00421 
90422 
90423 
80424 
98425 
00426 
90427 
98430 

80431 
29432 
98433 
90434 
98435 
08436 
00437 
88440 
O0441 
80442 

-@ 18 86406 
eg0092 
144324 
@ 000441 
060000 

-8 19 98498 
900087 
161801 

989000 

@1 

90491 
88415 
00414 
99457 
90416 
90414 
80000 
00406 
90401 
89401 

890000 
B46204 
841807 

e
e
s
o
c
s
 

-0 
a 

=o 

099009 
O88417 
@9456 
90430 
98430 
06439 
08430 
99375 
80417 

989000 

S
e
e
o
a
o
0
o
o
o
o
a
g
 99458 

90442 
00451 
96442 
90452 
90442 
86453 
80442 
90454 
00447 

* HADIOS DRIVER INTERFACES 

* SCHEDULE LABEL 
* 

LB JST* XLNK 
DEC 2 
BCI 1sHT 
DAC ERS 
BSZ 1 

7” 

* TERMINATE 
* 

TE JST* XLNK 
DEC. 17 

XLNK OCT 101001 
* 

* SUBROUTINE TO READ TIME 
* 

TIME DAC 
LDA* 
ADD 
STA 
LDx 
LDA* 
STA* 
IRS 
JMP 
IRS 
JM Px 

ADDR BSZ 
INX4 VFD 
CLK 
* 

VFD 

** 
TIME 
INX4 
ADDR 
s-4 

CLK 
ADDR 
8 
¥-3 
TIME 
TIME 
1 
22 ls 11982304 
2s ls 49 Os 182 ° 1807 

* SUBROUTINE PARA 
(FETCH RETURN ADDRESS) * 

* 

PARA DAC 
LDA 
SUB 
STA 
LDA*® 
STA 
LDA® 
STA 
JMP* 

TEMP BSZ 
* 

** 
*=1 
22 
TEMP 
TEMP 
TEMP 
TEMP 
LBt4 
PARA 
1 

* HERE TO REPORT ERRORS 
* 
ER1 

ER2 

ER3 

ER4 

ERS 
ERR 

LDA 
JMP 
LDA 
JMP 
LDA 
JMP 
LDA 
JMP 
LDA 
LDXx 

ERR1 
ERR 
ERR2 
ERR 
ERR3 
ERR 
ERR4 
ERR 
ERRS 
NAME 

PAGE



9286 
9287 
8288 
6289 
9298 
9291 
g292 
9293 
9294 
g295 
0296 
9297 

PN3 
RPRG 
sTi 
STDA 
TE 

TABLE E-1.1 - continued 

00443 
90444 - 
09445 
0446 
BD447 

00450 
90451 
e0452 
89453 
00454 
00455 
00456 
00457 
00468 
00461 
00462 

290350 
909651 
689311 
9690345 
899022 
860348 
699431 
000441 
890452 
996033 
990125 
860211 
O8G417 
990072 
86351 
880921 
990230 
660376 

901681 
@ 18 69455 
969401 
® 81 86376 
144301 
961110 
001129 
961138 
961149 
881158 
8 860006 
990002 
177774 
800691 
e00020 
177757 

ADDR 
BFD3 
BUFD 
DADA 
DEV2 
ENS1 
ER2 
ERR 
ERR4 
Hee 
H6 
NAME 
PCTR 
PN4 
RT 
ste 
STP 
TEMP 

* HADIOS DRIVER INTERFACES 

INH 
JST# 
ENB 
JMP 

NAME BCI 
ERR1 OCT 
ERR2 OCT 
ERR3 OCT 
ERR4 OCT 
ERRS OCT 
ER xaCc 

END 

006414 
OO0076 
800156 
800337 
800847 
960341 
090433 
900442 
990453 
600346 
860200 
020447 
900161 
900129 
988143 
900046 
680334 
890430 

9600 WARNING OR ERROR FLAGS 
DAP-16 MOD 2 REVe C 01-26-71 

ER 

TE 
1sHA 
1118 
1128 
1138 
1148 
1158 
EROR 

ADRS 
BFD4 
ci2 
DAT1 
DEV3 
ENSR 
ER3 
ERR1 
ERRS 

INX4 
PAR 
PNI 
REP 

ST3 
STP1 
TIME 

860347 
900124 
688344 
960335 
980074 
600342 
960435 
000458 
989454 
989868 
600415 
900158 
980620 
980254 
880133 
988873 
666332 
200401 

PAGE 

008024 
886270 
900416 
698336 
880122 
998455 
290437 
909451 
006006 
980195 
069371 
006362 
900045 
980134 
900361 
900121 
866333 
669400



  

E-2-1 

E-2 EXECUTIVE CONFIGURATION MODULE (XCOM) 

The Executive Configuration Module shown in 

Table E-2.1 consists of a series of tables which, 

amongst other things, list the programs and 

interrupts known to the Executive. 

The writing of XCOM is perhaps the most 

difficult stage in the construction of any OP-16 

system. If this module is not written correctly 

the Executive will be unable to function 

correctly and as a result the entire system 

will not operate as the user intended. The 

writing of XCOM is covered in the manufacturer's 

user's guide (E.1),Table E.2.2 shows a list of the 

components included in XCOM and Appendix E-5 

reviews some of the more obscure points 

encountered during the implementation of the 

OLDFP Executive.



9001 
9962 
8663 
9884 
9005S 
8006 
9067 
9808 
8069 
90108 
9811 
9012 
9613 
9814 
9915 
9016 
6617 
6018 
8019 
0620 
0921 
e022 
e923 
6024 
9625 
0626 
9027 
9628 
9629 
6036 
6831 
0932 
9833 
9934 
8635 
08636 
0637 
9838 
8639 
0049 
6041 
6642 
9043 
B044 
8645 
O046 
8847 
90.48 
6049 
8056 
6851 
9852 
9853 
8854 
goss 
8856 
8857 

TABLE E-2.1 — EXECUTIVE CONFIGURATION MODULE (XCOM) 

CT) 
80001 
gego02 
96803 
90804 
96905 
00006 
@8007 
99019 
98011 
o0012 
69813 
88614 
60015 
90016 
88017 
86028 
90021 
98922 
90623 
80924 
e0925 
e0026 
90627 

960600 

260960 
141714 
® 900090 
909221 
900908 
142729 
®@ 900000 
9000698 
980001 
264660 
145702 
@ 990080 
899060 
909081 
062609 
148723 
®@ 800900 
888800 
989003 
884896 
900161 
158320 
@ 899000 
900000 
oe0002 

* XCOM EXEC CONFIG MODULE PAGE 

* XCOM EXEC CONFIG MODULE 
* 
* Oole De Fe Po 
* 
* 24¢82077 
* 

* HEADER 
* 

SUBR XPLT 
SUBR XPET 
SUBR XIDT 
SUBR XID1i 
SUBR XxID2 
SUBR XPCT 
SUBR XCUT 
SUBR XIVT 
SUBR XLPT 
SUBR XFET 
SUBR XDCT 
SUBR XSPT 
SUBR XPFP 
SUBR XEXA 
SUBR XINT 
SUBR ER 
SUBR KB1 
SUBR CLK2 
SUBR CLK3 
SUBR MSDs XPLT 
SUBR LO1 

Lol £E@U 9 
REL 

* XPLT EXEC PROG LIST TABLE 
XPLT. EQU * 
cL BCI 1, 

XAC cL 
oct 221 
OCcT 8 

ER BCI 1s EP 
xAC EP 
BSZ 1 
OcT 1 
ocT 4000 

KB BCI 1sKB 
XAC KB 
BSZ 1 
OCT 1 
OcT 2660 

AS BCL 1s AS 
xac AS 
BSZ 1 
OcT 3 
oct 4808 
OcT 101 

PP BCI 1» PP 
xAC PF 
BSZ 1 
oct 2



6058 
9059 
9G68 
0061 
@862 
8963 
B64 
9065 
866 
8067 
9068 
6069 
8079 
0071 
0072 
8673 
0074 
9075 
9976 
6677 
9078 
9879 
0080 
0081 
9082 
9083 
9884 
e685 
0686 
0687 
0088 
8289 
6896 
@091 
g092 
9693 
9094 
e095 
9896 
8097 
9098 
9999 
01998 
8161 
9182 
8183 
0104 
9105 
8106 
9107 
8168 
8189 
6118 
@111 
0112 
8113 
9114 

LE E~2.1 - continued 

98639 
06631 
90932 
989033 
00034 
99035 
90636 
98637 
00046 
90041 
80042 
88643 
90044 
90045 
90846 
06647 
90858 
00051 
00852 
98853 
88054 
98855 
@8056 
80057 
98968 
06661 
60062 
92063 
00964 
08065 
96866 
08067 
86079 
90071 
80072 
88873 
20874 
89075 
98076 
98877 
00189 
60101 
90192 
98193 
96104 
@610S 
901086 
98107 
08118 
@O111 
80112 
66113 
90114 
66115 
60116 

000111 
144261 
@ 996000 
988080 
999003 
201000 
@00104 
144262 
9 800000 
999000 
986083 
861900 
909105 
144263 
® 800000 
996080 
980063 
801800 
060106 
144264 
®@ 960000 
@00906 
006083 
0019008 
906107 
144265 
8 999006 
960080 
988008 
144266 
9 809000 
800000 
900062 
000119 
144304 
®@ 800006 
eg0000 
990002 
969162 
144311 
@ 890080 
908000 
999002 
960163 
144324 
9 660008 
986009 
909981 
002900 
144716 
@ 99990608 
990000 
990001 
0829090 
690000 

900117 

* XCOM 

Ht 

H2 

H3 

H4 

HS 

H6 

HD 

HI 

HT 

IN 

FF 

oct 
BCI 
XAC 
BSZ 
OCT 
ocT 
ocT 
BCI 
xac 
BSZ 
oct 
OCT 
OcT 
BCI 
xACc 
BSZ 
OcT 
OcT 
oct 
BCI 
XAC 
BSZ 
OCT 
oct 
ocT 
BCI 
xac 
BSZ 
Oct 
BCI 
XAC 
BSZ 
OcT 
OcT 
BCI 
xAC 
BSZ 
OcT 
oct 
BCI 
XxAC 
BSZ 
oct 
OocT 
BCI 
xAC 
BSZ 
OcT 
OcT 
BCI 
XAC 
BSZ 
oct 
OcT 
ocT 

* XPET 
XPET EQU 

EXEC CONFIG MODULE PAGE 

111 
1,H1 
HI 
1 
3 
1986 

IN 

2600 
@ 

EXEC PROG ENTRY TABLE 
*



@115 
0116 
O117 
0118 
@119 
9129 
0121 
9122 
9123 
0124 
@125 
@126 
9127 
@128 
@129 
81308 
6131 
9132 
8133 
8134 
9135 
9136 
9137 
0138 
9139 
8148 
9141 
6142 
9143 
0144 
0145 
8146 
8147 
9148 
8149 
9158 
@151 
9152 
8153 
9154 
@1S55 
9156 
9157 
6158 
9159 
9168 
6161 
6162 
8163 
8164 
8165 
8166 
@167 
8168 
8169 
81708 
O171 

  

TABLE E-2.1 - continued 

06117 
96129 
@8121 
98122 
98123 
90124 
98125 
98126 
@0127- 
061308 
90131 
00132 
99133 
06134 
00135 
96136 

98137 
06140 
06141 
90142 
08143 
06144 
00145 
@0146 
00147 
86150 
@6151 
08152 
98153 
06154 
@8155 
98156 
98157 
90160 
06161 
06162 
98163 
90164 
60165 
08166 
06167 
00170 
60171 
08172 
86173 
00174 
98175 
@B176 
96177 
99209 
98261 
69282 
98203 
00204 
e6205 

2900000 
O00016 
966004 
999061 
900024 
900104 
080077 
989072 
880853 
980031 
960965 
806837 
880045 
900111 
996611 
960116 S

B
e
s
e
s
e
s
s
e
s
o
e
o
c
o
n
a
o
o
g
a
u
s
a
g
c
g
 

980137 
34 9628 
@ 81 60143 
@ 61 60150 
@ 288060 

-8 19 86142 
-@ 18 68206 

@ 000117 
998912 
177773 
34 8404 
6 61 00154 
@ 61 00162 
®@ 980000 

-@ 18 66153 
-@ 10 98206 

@ 990000 
900004 
960001 
989040 
34 8278 
191960 
@ 81 00174 
® 969000 

-@ 16 99165 
-8 10 90206 

® 990060 
990022 
990991 
600918 
34 8462 
181896 

-@ 18 86207 
8 980000 

-@ 18 880177 
-@ 10 68206 

®@ 990900 
8809063 
980001 
960180 

* XCOM 

CLi DAC 
DAC 
DAC 
DAC 
DAC 
DAC 
DAC 
DAC 
DAC 
DAC 
DAC 
DAC 
DAC 
DAC 

KBi DAC 
DAC 

* XIDT 
XIDT EQU 
XS@1 SKS 

JMP 
JMP 
XAC 

XL@1 JST* 
JST* 
DAC 

CLK2 DEC 
CLK3 DEC 
XS82 SKS 

JMP 
JMP 
XAC 

XL@2 JST* 
JST# 
DAC 
DEC 
oct 
ocT 

XS03 SKS 
NOP 
JMP 
XAC 

XL63 JST* 
JST* 
DAC 
DEC 
ocT 
OcT 

XS04 SKS 
NOP 
JST* 
XAC 

XLO4 JST* 
JST* 
DAC 
DEC 
ocT 
oct 

EXEC CONFIG MODULE PAGE 

FF 
EXEC INT DEF TABLE 

* 
4) 
443 
XS62 

#1 

"482 

1H48 
1H49 
e-1 

1H2o 
+ 

188



  

@172 
8173 
0174 
6175 
@176 
9177 
9178 
9179 
91868 
O181 
9182 
9183 
9184 
@185 
@186 
8187 
0188 
8189 
8198 
@191 
0192 
9193 
8194 
9195 
9196 
O197 
0198 
6199 
9290 
9201 
9202 
0203 
G204 
8295 
9206 
0207 
9298 
0209 
9219 
@211 
g212 
0213 
0214 
9215 
0216 
0217 
0218 
9219 
9226 
9221 
@222 
9223 
0224 
9225 
8226 
0227 
9228 

TABLE E-2.1 - continued 

00206 
®8207 
96219 
90211 
90212 
00213 
06214 
90215 
@6216 
90217 

og229 
06221 
9e222 
99223 
@0224 
90225 
@0226 
06227 
68230 
08231 
09232 
98233 
98234 
88235 
96236 
88237 
@8244 
96245 
96246 
00254 
@o255 
90256 
80264 
90265 
00266 
90267 
96270 
e0271 
90272 
98273 
90274 
90275 
88276 
06277 
86300 
90361 
60302 
68383 
086304 
60305 
80312 

08313 
86314 
98317 
98328 

® 908000 
8 980008 
000061 
008041 
74 8626 
177774 
@ 960143 
@ 090154 
@ 080166 
®@ 980200 

920001 
800011 

842000 
906235 
BO8244 
900254 
900264 
@80267 
999272 
990275 
880300 
980303 
980312 
089237 
696237 S

o
g
o
u
 
g
g
g
o
0
o
o
e
o
e
o
s
e
s
 

900060 
9 906305 
® 880385 
960000 
200090 

9 000317 
889000 
®@ 9860324 
680000 

* XCOM 

1H29 
IH4@ 
xID1 

xID2 

xAC 
XAC 
DEC 
oct 
SMK 
DEC 
DAC 
DAC 
DAC 
Dac 

* XPCT 
XPCT 

BFI 

BFe 

BF3 

Bra 

BFS 

BFé 

BF7 

BF19 

BF1i1 

XPCE 

DEC 
DEC 
xXACc 
DAC 
DAC 
DAC 
DAC 
DAC 
DAC 
DAC 
DAC 
DAC 
DAC 
DAC 
DAC 
BSZ 
DAC 
DAC 
BSZ 
DAG 
DAC 
BSZ 
DAC 
DAC 
BSZ 
DAC 
DAC 
BSZ 
DAC 
DAC 
BSZ 
DAC 
DAC 
BSZ 
DAC 
DAC 
BSZ 
DAC 
DAC 
BSZ 
BSZ 

* XCUT 
xCUT DAC 

BSZ 
Dac 
BSZ 

EXEC CONFIG MODULE 

IH2o 
1H 40 
1 
41 
*20 
-4 
XL@1 
XL @2 
XLO3 
xLO4 

EXEC PROG COMM TABLE 
1 
5 
FIFO 
BF1 
Bre 
BF3 
BF4 
BFS 
BFé 
BF7 
BF19 
BFi1 
XPCE 
*+2 
*+1 
S 
*+2 
#41 

6 
#42 
*+1 
6 
+2 

*+1 
1 
+2 
#41 
1 
*+2 

*+1 

1 
¥+2 
*+1 
1 
#42 
*+1 
1 
*+2 

a+1 
5 
1 

EXEC CLK USERS TABLE 
ete 

3 
*e5 

4 

PAGE



9229 
6230 
9231 
9232 
6233 
9234 
9235 
9236 
8237 
9238 
9239 
0249 
9241 
9242 
9243 
0244 

@245 
9246 
9247 

9248 
a249 
0250 
6251 
9252 
9253 
9254 
9255 
9256 
6257 
9258 
9259 
0260 
0261 
9262 
9263 

AS 
BF2 
BF6 
cCLK2 
H1 
HS 
HT 
KB 
xCUT 
XID1I 
XxIVT 
XL 04 
XPET 
xso2 

TABLE E-2.1 - continued 

98324 
90325 
06331 
99332 
90336 
90337 
90343 

90350 
96351 

90407 
OB415 

@B416 
6417 - 
6426 - 
@@421 - 
99422 - 
08423 
QB424 
00425 
00426 

@B427 

86436 
99431 

00432 
80433 
88434 
80435 
88436 

090016 
O80244 
900272 
8090146 
990931 
900061 
800104 
@00011 
688313 
0002108 
986358 
260284 
660117 
960158 

@ 686331 
GO0000 
@ 866336 
886966 
@ 080343 
680006 
960000 

289085 
eeeee0 

000090 
C7aET7 

969019 
8 890060 
@ 990060 
@ 689000 
@ 999000 
® 8960000 
® 9660006 
® 990000 
® 0800090 

8 900080 

969000 
860601 

660001 
991923 
999006 
260090 
837777 

BF1 
BF3 
BFT7 
cLK3 
H2 
H6 
1H20 
KBI 
XDCT 
xID2 
XLO1 
XLPT 
XPFP 
XS63 

* XCOM 

DAC 
BSZ 
DAC 
BSZ 
DAC 
BSZ 
BSZ 

* XIVT 
XIVT DEC 

BSZ 
* XLPT 
XLPT BSZ 

DEC 
* XFET 

XFET DEC 
XAC* 
XAC* 
XAC 
XAC* 

xACc 
XAC 
xAC 
xACc 

* XINT 
XINT XAC 

* XDCT 
XDCT BSZ 

bk DEC 
* XSPT 
XSPT OCT 
XPFP OCT 
XEXA OCT 

OcT 
Oct 
END 

990235 
900254 
960275 
060147 
680037 
990965 
886206 
680135 
889438 
689213 
980143 
980407 
900433 
600162 

WARNING OR ERROR FLAGS 
DAP-16 MOD 2 REVe 01-26-7 

EXEC CONFIG MODULE PAGE 

*+5 
4 
"+5 

4 
+5 
4 
Ss 

EXEC 
S 
30 

INT VARS TABLE 

EXEC LABEL PARS TABLE 
6 
-1 

EXEC 
8 
RP 
2 
cc 
Dc 
cI 

182 
8 
9 
377 

BF1o 
BF4 
cL 
ER 
H3 
HD 
IH4@ 
Lo1 
XEXA 
XIDT 
XL 62 
XPCE 
XFLT 
XSO4 

1 

FUNC ENTRY TABLE 

INIT LOC 

DEV CONFIG TABLE 

SPEC PARS TABLE 

3 

tt 

860300 
206264 
920000 
060004 
960045 
666072 
600207 
9600084 
969434 
988137 
006154 
986312 
800080 
960174 

BF11 
BFS 
cL 
FF 
H4 
HI 
IN 
PP 
XFET 
XINT 
XL@3 
XPCT 
xS@1 
XSPT 

800303 
900267 
900117 
900116 
908053 
980077 
806111 
909024 
980416 
808427 
000166 
899229 
969137 
980432



TABLE E-2.2 - COMPONENTS OF XCOM 

  

  

  

TABLE EXPLANATION 

XPLT (line The Executive Program List Table defines 
32 of Table all the programs in the system and is 
E-2.1) central to all operations of the 

executive. There must be an entry for 
every program in the system, including 
device drivers. 

XPET (line The Executive Program Entry Table 
113 of Table 
E-2.1) 

XIDT (line 
131 of Table 
E-2.1) 

XPCT (line 
182 of Table 
E-2.1)   

consists of a list of DAC pointers to 
the first word of each XPLT entry. 
It is the order of these pointers 
which determines the priority of the 
programs to which they relate. Ina 
situation where two or more programs 
are scheduled simultaneously, the one 
with the highest priority will be run 
first (the program with the highest 
priority will be the one at the top 
of the table - in this case CL, see 
line 115 of Table E-2.1). 

The Executive Interrupt Definition 
Table contains the information necessary 
to identify an interrupt when it occurs 
and to cause control to be transferred 
to the user's interrupt response code. 
It consists of three parts. The first 
(labelled XIDT) contains all of the 
data specific to an interrupt. The 
second (labelled XID1) is used by the 
Executive to keep track of the 
interrupt status of the system. The 
third (labelled XID2) is used by the 
Executive to locate the interrupt data 
in XIDT. 

The Executive Program Communication 
Table establishes communication buffers 
for all of the programs requiring 
communication. The parameter passing 
subroutine used in this system is FIFO - 
see line 185 of Table E-2.1. 
  

  

 



TABLE E-2.2 - continued 

  

TABLE EXPLANATION 
  

  

XCUT (line 
224 of Table 
E-2.1) 

XIVT (line 
236 of Table 
E-2.1) 

XLPT (line 
239 of Table 
E-2.1) 

XFET 
XINT 
XDCT 
XSPT   

The Executive Clock User's Table 
contains information on all programs 
currently connected to the Real Time 
Clock. This system contains five 
entries and so five programs can be 
connected to the clock consecutively. 

The Executive Interrupted Variables 
Table is where the Executive stores 
the registers and status of 
interrupted programs. The maximum 
number of programs which may be 
interrupted is determined by the 
first entry in this table - line 237. 
In this case the maximum number of 
programs is 5. 

The Executive Label Parameter Table 
is where the Executive temporarily 
stores labels that have been scheduled 
by interrupt response code. The first 
entry (line 240) determines the number 
of labels which may be scheduled in 
this manner at any one time - in this 
case 3 i.e. two locations are required 
per label. 

Refer to user manual (E.1) 
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E-3 SPECIAL VERSION OF THE ERROR PRINT MODULE 

(EPMOD ) 

All of the peripheral device drivers supplied 

as standard software by the manufacturer are 

interrupt drivers. As a result of this, the 

Error Print Module (EPMOD), which is a type of 

ASR driver, outputs information in a way 

controlled by the interrupts generated by the 

teletype or VDU. In the case of the VDU the 

response is so rapid that another interrupt is 

generated before EPMOD can process the next 

character to be output. This causes the same 

character to be output a number of times and 

the resultant error message is difficult to 

decipher. To overcome this problem the standard 

form of EPMOD was modified so that if the next 

character is not ready, the code to sound the 

bell is output. This results in the correct 

error message being printed but accompanied by 

the bell being sounded a number of times - the 

user is left in no doubt that an error has occurred. 

Table E-3.1 shows a listing of the modified 

program (the modifications made are to be found 

between lines 143 and 174). The modified program 

can also be used when output to the teletype is 

required.



9001 
e082 
9683 
0004 
8885 
9006 
8997 
0908 
8069 
8019 
@011 
9912 
8013 
9614 
e015 
0816 
0617 
6018 
9019 
9026 
9021 
o¢22 
8623 
9024 
e025 
0026 
0827 
9028 
9829 
00308 
9631 
8032 
0633 
8834 
9835 
8036 
0837 
8038 
0839 
8946 
O041 
8042 
6643 
8044 
0045 
8046 
6047 
0048 
9049 
08S0 
9851 
9952 
90S3 
6654 
9655 
9956 
@6S7 

TABLE E-3.1 - SPECIAL VERSION OF EPMOD FOR USE WITH THE vDU 

90000 
66001 

08803 
80804 
9000S 
GOOGE 
99007 

66910 
@OO11 
e0012 
99613 
90014 
90015 
08016 
89817 
20620 
96021 
e8e22 
20023 

20624 
9002S 
88026 
90627 

98930 
80831 

60032 
88033 

80034 
88835 

96636 
98837 
80046 

26641 
86642 
89843 
06044 
96045 

177777 
889000 

-8 18 88265 
869605 
800004 
® 988119 
® 068154 

@ 35 
1 62 

96256 
08880 

181840 
@ @1 00185 
900461 
@ 04 
1 62 
@ 04 

o9252 
86601 
66253 

140040 
1 64 
1 04 
®@ 04 

@ 62 

99600 
90001 
99263 

09257 
901001 
14 9104 
@ 18 

e2 
18 

o2 
16 e

s
 

s
e
 

g2 
18 

® 62 
8408 
8 19 

@ 35 
® 62 
G480 
@ 15 
8 18 

80145 

06268 
00145 

96262 
00145 

90261 
99145 

90252 
61 
90299 

8027S 
99252 
63 
90254 
99200 

* EPMOD - MODIFIED FOR vDU PAGE 1 

* EPMOD - MODIFIED FOR VDU 
He occee 

* 
* O8- 10676 
* 
* PROGRAM HEADER 

REL 
SUBR EP 
SUBR ED 
DEC ={ 
BSZ 2 

* 

* CONNECT ASR INTERRUPT TO THIS PGM. 
EP JST* XLNK 

DEC 5 
DEC 4 
Dac EP1i1 
DAC EP29 

* Q 
* GET ERROR CODE & NAME & SAVE FOR PRINTING 
EP3 LDX EPP 

LDA Gs1 
SNZ 
JMP EP19 
ENB 
STA EPS1 
LDA 11 
STA EPS2 
CRA 
STA B21 
STA tol 
STA EPF1 

* 
* HERE TO PRINT MESSAGE CHARACTERS 

LDA EPK1 
INH 
OcP *104 
JST WAIT 

* 

LDA EPK2 
JST WAIT 

* 
LDA EPK4 
JST WALT 

* 
LDA EPK3 
JST WAIT 

* 
LDA EPS1 
LRL 1s 
JST PO 

* 

LDXx =-5 
EP! LDA EPS1 

LRL 13 
STX EPS3 
JST Po



  

0058 
8859 
G960 
OG61 
8062 
8963 
9864 
9065 
B66 
9667 
8968 
8869 
9870 
0871 
8872 
8673 
8074 
8075 
@976 
BO77 
8078 
8079 
0080 
0081 
eo82 
0883 
0084 
9085S 
9086 
0087 
9988 
0989 
8890 
8091 
9992 
9993 
9894 
9995 
@896 
6897 
8998 
9999 
01098 
O11 
g192 
8183 
8194 
8185 
9106 
8167 
8198 
8189 
0119 
9111 
9112 
@113 
6114 

TABLE E-3.1 - continued 

80046 
86047 
92050 . 

80051 
99052 
99853 
89654 
@005S 
90656 
82657 

BO068 
90061 
98862 
98663 
90964 
@0065 
O0866 
00067 
98078 
00071 
90072 
86073 
08074 
28875 
08876 
98077 

80100 
00101 
80102 

96193 
88104 

96105 
08106 
6107 
90118 
90111 

ee112 
98113 
60114 
60115 
O8116 
OO117 
60120 
60121 
96122 

@ 35 99254 
@ 12 99098 
@ 81 88042 

® 82 96253 
141346 
® 18 68145 
@ 82 99253 
@ 16 80145 
1489.49 
@ 16 66145 

@ 35 99250 
961001 
1 62 86002 
@ 87 98274 
180840 
1 92 96062 
1 04 90066 
1 62 08903 
1 64 99091 
1 62 92000 
191040 
® G1 60106 
860401 
@ 12 66800 
@ 12 90000 
@ 61 00061 

@2 68251 
87 00273 
84 99251 

881001 
® 81 60010 

-8 19 90265 
680006 
960004 

-@ 10 96265 
980007 

@ 880009 
186002 

-@ 81 00112 
980291 

-@ 92 99251 
188640 
@ 01 86143 
900201 
181848 

* EPMOD - MODIFIED FOR VDU PAGE 

LDXx EPS3 
IRS @ 
JMP EP1 

* 
LDA EPS2 
ICA 
JST WAIT 
LDA EPS2 
JST WAIT 
CRA 
JST WALT 

* 

* HERE TO PUSH UP REQUESTS IN STACK 
LDX EPPt 

EP2 INH 
LDA 251 
SUB s-1 
SZE 
LDA 231 
STA Oo1 
LDA 3o1 
STA 1st 
LDA Or1 
SNZ 
JMP EPS 
ENB 
IRS a 
IRS 8 
JMP EP2 

* 
* DECREMENT °IN*® POINTER FOR ENTRIES 
EPS LDA EPP3 

SUB =2 ’ 
STA EPP3 

C3 

* GO TO TEST FOR MORE MESSAGES TO PRINT 
INH 
JMP EP3 

* 

* HERE WHEN ALL MESSAGES PRINTED 
* DISCONNECT INTERRUPT 
EP1@ JST* 

DEC 
DEC 

EP1i1 JST* 
DEC 

* 
* HERE TO 
ED DAC 

SR4 
JM Pe 
TAB 
LDA* 
SZE 
JMP 
TAB 
SNZ 

XLNK 
6 
4 

XLNK 
7 

SAVE ERROR DATA FOR PRINTING 
ae 

ED 

EPP3 

ED26



TABLE E-3.1 - continued 

* EPMOD - MODIFIED FOR VDU PAGE 3 

9115 98123 146461 CMA 
9116 20124 148189 SSP 
8117 98125 -@ 64 66251 STA*# EPPS 

@118 96126 @ 12 90251 IRS EPP3 
8119 68127 -@ 15 09251 STX* EPP3 
8128 80138 ® 12 96251 IRS EPPS 
6121 * 
9122 * HERE TO REQUEST FOR PGM EP 
8123 98131 @ 82 @G264 LDA ER 
0124 90132 @ 86 80273 ADD =2 
8125 88133 @ 84 00144 STA ED21 
9126 68134 -G 82 08144 LDA® ED21 
@127 98135 @ 93 99272 ANA -=°377 
8128 00136 166840 SZE 
9129 080137 -@ 81 80112 JMP*® ED 
8130 * 
131 * HERE TO REQUEST FOR PGM EP 
6132 88148 -8@ 62 89144 LDA* ED21 
9133 00141 @ 86S 90271 ERA =2°181 
@134 86142 -@ 04 09144 STA* ED21 
6135 98143 -@ 81 98112 ED2G6 JMP* ED 
8136 69144 996080 ED21 BSZ 1 
8137 * 
0138 * SUBROUTINE WAIT 
0139 * 
6140 * PUTS A REGISTER CONTENTS INTO EPSS FOR 
141 * PRINTING » DOES WAIT FUNCTION FOR INT- 
6142 * ERRUPT FROM ASR AND SETS FLAG 
8143 * 
0144 90145 ® 080000 WAIT DAC ** 
8145 90146 801881 INH 
0146 98147 @ 04 80256 STA EPSS 
147 06156 ®@ 82 86278 LDA =1 
9148 80151 ® 84 0266 STA FLAG 
6149 6152 -@ 18 99265 JST# XLNK 
9158 90153 900010 DEC 8 
9151 * 
g152 * 
8153 * HERE TO RESPOND TO INTERRUPTS FROM ASR 
9154 60154 @ 880990 EP2@ DAC ae 
@155 99155 ®@ 92 88266 LDA FLAG 
6156 88156 181648 SNZ 
@157 86157 @ 91 86171 JMP EPA2 
@158 00168 148040 CRA 
@1S9 60161 ®@ G4 OH266 STA FLAG 

8160 90162 @ 02 98256 LDA EPSS 
@161 86163 101848 SNZ 
O162 90164 @1 OB176 JMP EP2! 
8163 98165 74 8004 OTA 4 
6164 88166 101800 NOP 
8165 00167 ® @2 60145 EP22 LDA WAIT 
8166 80170 -8 G1 98154 JMP*® EP2o 
@167 * 
9168 * HERE IF CHARACTER NOT READY 
9169 60171 ® 62 96262 EPA2 LDA EPK 4 
9178 80172 74 0884 OTA 4 
6171 88173 181869 NOP 

 



ED 
EPt 

  

TABLE E-3.1 - continued 

280174 149049 
@G175 -@ Bt 90154 

Q0176 14 8804 
QG177 ® O1 00167 

882008 @ 990000 
90201 @ 84 99222 
ee292 168648 
00203 @ 81 88207 
80204 ® 02 88263 
98285 181840 
96206 ® 81 80217 
00207 @ 12 66263 
06219 ®@ 92 99222 
06211 @ 06 60267 
90212 686201 
86213 ®@ 94 86252 
@0214 000201 
98215 @ 18 69145 
80216 -®@ 81 00200 
98217 909281 
e229 6 04 86252 
@6221 -@ 61 66200 

99222 899000 
66223 660008 
96247 177777 
98258 9 990223 
96251 ® 980223 
96252 988690 
86253 808000 
98254 980000 
96255 820000 
80256 899000 
96257 e60215 
o8260 996212 
@6261 128385 
00262 886207 
86263 202800 
86264 ®@ 900000 
88265 1618601 
96266 980080 
98267 080269 
00278 900001 
06271 600181 
a0272 989377 
$8273 909602 
08274 177777 
80275 177773 

966112 ED2o 
990042 EP18 

PAGE 

608063 

* EPMOD - MODIFIED FOR VDU 

CRA 
JMP* EP29 

* 
* HERE TO REMOVE ASR INTERRUPT 
EP21 OCP 4 

JMP EP22 
* 

* SUBROUTINE PO CPRINT OCTAL VALUES) 
PO DAC ** 

STA POS! 
SZE 
JMP PO1 
LDA EPF1I 
SNZ 
JMP Po2 

PO1 IRS EPF1 
LDA POS1 
ADD ="260 
IAB 
STA EPS1 
1AB 
JST WAIT 
JMP* PO 

Po2 IAB 
STA EPS! 
JMP* PO 

* 
* DATA LOCATION 
POS1 OCT a 
EPT1 BSZ 20 

DEC = 
EPP1 DAC EPT1 
EPP3 DAC EPT1! 
EPS1 OCT 6 
EPS2 OCT a 
EPS3 OCT 8 
EPS4 OCT @ 
EPSS OCT a 
EPK 1 OCT 215 
EPK2 OCT 212 
EPK3 BCI ls E 
EPK4 OCT 207 
EPF1 OCT 9 
ER xAC ER 
XLNK OCT 101081 
FLAG OCT 8 

END 

000143 ED21 900144 EP 
906195 EPi1 9691198 EP2 008061



TABLE E~3.1 - continued 

* EPMOD - MODIFIED FOR VDU PAGE 

EP2o 999154 EP21i 908176 EPp22 @98167 EP3 9898108 
EPS 990100 EPA2 900171 EPFL 280263 EPK 1 886257 
EPK2 900260 EPK3 000261 EPK4 990262 EPP1 600250 
EPP3 990251 EPS1 999252 EPS2 900253 EPS3 686254 
EPS4 966255 EPSS 999256 EPT1 9¢9223 ER 988264 
FLAG 808266 PO 986286 Pol 866267 Po2 800217 
POS1 90o222 WAIT 896145 XLNK 666265 

@@0@ WARNING OR ERROR FLAGS 
DAP-16 MOD 2 REVe C 91-26-71 
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E-4 EXECUTIVE PROGRAM LINKS 

As the OLDFP Executive is loaded into the 

computer's memory in a number of separate sections, 

it is necessary to satisfy the demands made by 

XCOM for the start addresses of programs which 

are to be controlled by the RTX-16 Executive. 

This is done by the program shown in Table 

E-4.1.



TABLE E-4.1 - OLDFP EXECUTIVE PROGRAM LINKS 

* OvleDeFePe - LINKS = EXECe PAGE 

6201 * OcleDeFePe = LINKS - EXEC. 
9002 * 
9883 * 24682677 
6004 * 
8605 SUBR H1 
G06 SUBR H2 
0087 SUBR H3 
9908 SUBR H4 
6209 SUBR H5 
0018 SUBR H6 
@011 SUBR HI 
0012 SUBR HD 
0013 SUBR AS 
814 SUBR PP 
@615 SUBR KB 
9016 011966 H1 EU *11086 
@O17 811033 He EQU *11833 
0018 011060 H3 EQU "11868 
O019 611105 H4 EU "11185 
9020 @11125 HS EQU 21225 
6021 911200 H6 EQU *11208 
g922 810546 HI EU "18546 
8823 012006 HD EU *12606 
e024 912416 AS EQU "12416 
9ee25 016006 PP EQU "16006 
o926 814603 KB EQU *°14603 
6027 END 

AS O12416A H1 G11806A H2 811833A H3 @11860A 
H4 @11105A HS @1112S5A H6 911200A HD @12086A 
HI @10546A KB @14803A PP O16006A 

@@@@ WARNING OR ERROR FLAGS 
DAP-16 MOD 2 REVe C 01-26-71 
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E-5 REVIEW OF OBSCURE POINTS ENCOUNTERED DURING 

THE IMPLEMENTATION OF THE OLDFP EXECUTIVE 

During the implementation of the OLDFP 

Executive a number of points have had to be 

resolved as they are not covered adequately by 

the Manufacturer's User's Guide (E.1). It is 

hoped that the following sections provide clearer 

explanations of these topics. 

E-5.1. COMMUNICATION 

It is often necessary for different programs 

to communicate with one another and when this is so 

an entry is necessary in the XPLT table. In such 

cases the 6th word of the entry in XPLT should 

specify which queuing subroutine and which buffer 

in XPCT is to be used. For example, Hl requires 

communication so that it can obtain from the 

calling program, the return address to which it 

will schedule a return, via the schedule label 

function, after its services have been completed. 

Thus, line 64 of Table E-2.1 contains the entry 

104., which specifies that the first and indeed 

the only queueing subroutine FIFO, and the fourth 

buffer in XPCT are used.



  

E-5.2 COORDINATION 

In situations where two or more programs 

require the same services (in this context, the 

word service should be taken to mean one of the 

following:- Fortran library subroutines, 

Peripheral Device drivers, Peripheral Devices 

or core) they must be prevented from running 

concurrently. This is done by using the coordination 

option, which when required is implemented by the 

5th word of the XPLT table. For example, since 

both of the Fortran Programs, HT and IN, are 

loaded together, they share some of the Fortran 

library subroutines which they require and clearly 

can not be executed concurrently. Thus, for 

both entries in the XPLT table, i.e. lines 106 

and 111 of Table E-2.1, the value 2000 is 

inserted to prevent them running at the same 

time. 

Care is needed when using the coordination 

option not to confuse peripheral devices with 

their drivers. To illustrate this point, 

although the Utility Program and both of the 

Fortran Programs (lines 47, 106 and 111 of 

Table E-2.1) all require the ASR driver, they do 

not require the ASR teletype itself. They must



  

be coordinated only because they all require the 

ASR driver. However, the ASR driver and EPMOD 

(lines 42 and 52 of Table E-2.1) both require 

the teletype and so they must be coordinated. 

E-5.3. SCHEDULE LABEL FUNCTION 

This function is often used by device 

drivers to return control to the calling program 

after their services are complete. An example 

.of this is given in the HADIOS Drivers Supervisory 

Program (lines 229 to 235 of Table E-1.1). It 

should be remembered, however, that to do this 

the driver must first fetch the return address 

(lines 260 to 272 of Table E-1.1) and that 

there must be communication between the calling 

program and the driver - see line 18 of Table 

E-13.1. 

E-5.4. INTERRUPT 

When a user supplies his own interrupt 

response code for a peripheral device the 

following rules must be adhered to in order to 

avoid serious Executive errors:-



  

(i) The program which connects interrupt to 

the response code must not be terminated until 

a Disconnect Interrupt function for that 

interrupt has been carried out. 

(ii) If a label is scheduled by the interrupt 

response code the label must be in a program 

which is active.



  

E-6-1 

E-6 EXECUTIVE MODULE LOADING PROCEDURE 

The following loading procedure was used to 

construct the Executive Module (see Figure 6.3) 

of the OLDFP Executive. 

(1) Clear the computer's memory 

(2) Load an SLST of LDR-APM Revision E 

(Entry point, P=370003 ) 

(3) Load an object tape of EXEC-A, 

P=37000, A=1000, 

(4) Load an object tape of XCOM (See Appendix 

E-2), 

Press start. 

(5) Load an object tape of FIFO, 

Press start. 

(6) Load an object tape of FORTSY, 

P=37003., A=3766, 

(7) Load routines S$2J, JBASE, F$ER, N$22, 

FSAT from RFMATH, 

Press start (five times). 

(8) Load routine M$2J from RFMATH, 

P=37003., A=1000, 

(9) Load an object tape of the special EPMOD 

(See Appendix E-3), 

P=37003., A=13460..



  

(10) Load an object tape of the Executive 

Program Links (See Appendix E-4), 

Press start. 

A memory map of the loading procedure is 

given in Table E-6.1.



  

TABLE E-6.1 — MEMORY MAP OF THE LOADING PROCEDURE 
  

*LOW 

*START 

*HIGH 

*NAMES 

*COMN 

*BASE 

*BASE 

*BASE 

*BASE 

*BASE 

*BASE 

LO1 

*BASE 

EXEC 

XPIC 

XPEP 

XSSA 

OPTRAC 

XHPT 

INP1 

sc 

IH 

IH20 

IHP1 

IH40 

IHSC 

CLH 

CL 

USED IN MAKING THE EXECUTIVE MODULE 

00000 

01000 

16006 

33036 

37777 

03133 

02776 

04675 

05727 

06725 

07254 

00000 

01774 

01000 

01011 

01020 

01023 

01037** 

01041** 

01044 

01103 

01344 

01373 

01510 

01514 

01522 

01526 

01530 

XLNK 

FE10 

FE20 

FERR 

XSP1 

LB 

RPRO 

SL 

SLBL 

cc 

DC 

cI 

DI 

TE 

WA 

AI 

XPLT 

MSD 

ER 

HT 

IN 

XPET 

KB1 

XIDT 

CLK2 

CLK3 

XID1 

02000 

02057 

02104 

02123 

02131 

02134 

02167 

02174 

02264 

02275 

02342 

02444 

02516 

02626 

02641 

03000 

03063 

03134 

03134 

03140 

03241** 

03246** 

03253 

03271 

03273 

03302 

03303 

03344 

XID2 

XPCT 

XCUT 

XIVT 

XLPT 

XFET 

XINT 

XDCT 

XSPT 

XPFP 

XEXA 

FIFO 

SYSF 

OPED 

FDLS 

CONV 

S$2d 

A$2T 

JBASE 

JBAS 

FS$ER 

N$22 

F$AT 

H$2J 

D$2J 

HI 

H1 

H2 

03347 

03354 

03447 

03504 

03543 

03552 

03563 

03564 

03566 

03567 

03570 

03574 

03766 

04000 

07000 

07260 

07320 

07336 

07644 

07644 

07662 

07676 

07710 

10000 

10230 

10546 

11006 

11033



TABLE E-6.1 - continued 

H3 11060 

H4 11105 

HS 11125 

HE 11200 

HD 12006 

A3 12416 

EP 13463 

ED 13572 

KB 14003 

PP 16006 

MR 
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E-7 HADIOS DRIVERS LOADING PROCEDURE 

The following loading procedure was used to 

construct the Hadios Driver Program (See Figure 

6.3 and Section 6.6.1) used in the OLDFP 

Executive. 

(1) Load an object tape of HAD-ANI, 

P=37000, A=10540 
8’ 8 

(2) With the tape reader empty, 

P=37003. , A=11000, 

This is necessary as the next routine is to be 

force loaded and a program break is also required. 

(3) Load an object tape of H1-H6, 

P=37004 

(4) Load the OP-16 Maths. library OPFRT2H, 

P=37004. 

(5) Load the standard Integer/Real Maths. 

library IRLIB, 

Press start. 

(6) Load the OP-16 Maths. library OPFRT3, 

Press start. 

(7) With the tape reader empty, 

P=37003., A=12000.. 

(8) Load an object tape of HAD-DIO, 

P=37004..



  

(9) Load an object tape of XLOCS, 

Press start. 

A memory map of the loading procedure 

given in Table E-7.1. 

is



TABLE E-7.1 - MEMORY MAP OF THE LOADING PROCEDURE 

USED IN MAKING THE HADIOS DRIVER 

PROGRAM 

*LOW 00000 XPLP 01013 H2 11033 

*START 10540 XPSP 01014 H3 11060 

*HIGH 12166 XCCW 01015 H4 11105 

*NAMES 33170 XEPP 01016 HS 11125 

*COMN 37777 EROR 01016 BUFD 11156 

COF2 00000 XLOD 01017 PCTR 11161 

COF1 00000 XPEP 01020 HE 11200 

CIF2 00000 XSYS 01021 ENS1 11341 

CIF1 00000 XICF 01022 ADBF 11350 

HTI2 00000 XSSA 01023 A$22 11464 

HTI1 00000 XHLT 01024 S$22 11466 

LPI2 00000 XPLT 01025 M$22 11470 

LPI1 00000 XPCT 01026 D$22 11472 

ASF2 00000 XCUT 01027 C$12 11574 

ASF1 00000 XIDT 01030 N$22 11626 

ROCB 00000 XID1 01031 H$22 11640 

ROCA 00000 XID2 01032 ARG$ 11656 

XSTR 01000 XIVT 01033 ADDR 11700 

XLNK 01001 XINT 01034 HD 12006 

XPFP 01002 XDCT 01035 

XMIL 01003 XSPT 01036 LC 

XSEC 01004 XOPT 01037 

XMIN 01005 XCLC 01040 

XHR 01006 XHPT 01041 

XDAY 01007 XPET 01042 

XMSD 01010 XEXA 01043 

XPIC 01011 HI 01546 

XJBS 01012 Hl 11006 
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E-8 ASR DRIVER LOADING PROCEDURE 

The following loading procedure was used to 

construct the ASR Driver Program (See Figure 6.3) 

used in the OLDFP Executive. 

(1) Load an object tape of ASRD-S, 

P=37000., A=12410.. 

(2) Load an object tape of ASF1 and ASF2, 

P=37003 A=13000 8° B=13450, 3” 

(3) Load an object tape of XLOCS, 

Press start. 

A memory map of the loading procedure is 

given in Table E-8.1.



TABLE E-8.1 ~ MEMORY MAP OF THE LOADING PROCEDURE 

USED IN MAKING THE ASR DRIVER PROGRAM 

*LOW 00000 XPSP 01014 

*START 12410 XCCW 01015 LC 

*HIGH 13440 XEPP 01016 

*NAMES 33366 EROR 01016 

*COMN 37777 XLOD 01017 

COF2 00000 XPEP 01020 

COF1 00000 XSYS 01021 

CIF2 00000 XICF 01022 

CIF1 00000 XSSA 01023 

MTI2 00000 XHLT 01024 

MTI1 00000 XPLT 01025 

LDI2 00000 XPCT 01026 

LPI1 00000 XCUT 01027 

ROCB 00000 XIDT 01030 

ROCB 00000 XID1 01031 

*BASE 13451 XID2 01032 

XSTR 01000 XIVT 01033 

XLNK 01001 XINT 01034 

XPFP 01002 XDCT 01035 

XMIL 01003 XSPT 01036 

XSEC 01004 XOPT 01037 

XMIN 01005 XCLC 01040 

XHR 01006 XHPT 01041 

XDAY 01007 XPET 01042 

XMSD 01010 XEXA 01043 

SPIC 01011 AS 12416 

XJBS 01012 ASF1 13000 

XPLP 01013 ASF2 13162 
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E-9 UTILITY PROGRAM (ONLCUP) LOADING PROCEDURE 

The loading procedure for the utility program 

(ONLCUP) is the same as shown in the manufacturer's 

user guide (E.2). As can be seen from the memory 

map given in Table E-9.1 the program was loaded 

into sectors 14 and 15 of the computer's memory. 

 



TABLE E-9.1 - MEMORY MAP OF THE LOADING PROCEDURE 

USED IN MAKING THE UTILITY PROGRAM 

ONLCUP 

*LOW 00000 XPIC O1011 kB 14003 

*START 14000 XJBS 01012 =FD2 14042 

*HIGH 15756 XPLP 01013 ATSL 14061 

*NAMES 32467 XPSP 01014 ERR 14071 

*COMN 37777 XCCW 01015 TERM 14076 

COF2 00000 XEPP 01016 RPRG 14100 

COF1 00000 EROR 01016 PNME 14103 

CIF2 00000 XLOD 01017 PAR3 14114 

CIF1 00000 XPEP 01020 PAR4 14115 

MTI2 00000 XSYS 01021 PARS 14116 

MTI1 00000 XICF 01022 PAR6 14117 

LPI2 00000 XSSA 01023 FE 14120 

LPI1 00000 XHLT 01024 RT1 14120 

ASF2 00000 XPLT 01025 ER 14121 

ASF1 00000 XPCT 01026 PRT 14126 

ROCB 00000 XCUT 01027 DRIV 14126 

ROCA 00000 XIDT 01030 Cl 14130 

*BASE 15664 XID1 01031 Al 14131 

*BASE 14777 XID2 01032 KBD 14133 

XSTR 01000 XIVT 01033 CRLF 14140 

XLNK 01001 XINT 01034 COMA 14145 

XPFP 01002 XDCT 01035 CRCK 14152 

XMIL 01003 XSPT 01036 SP 14162 

XSEC 01004 XOPT 01037 Pl 14164 

XMIN 01005 XCLC 01040 P2 14165 

XHR 01006 XHPT 01041 CSA 14165 

XDAY 01007 XPET 01042 P3 14166 

XMSD. 01010 XEXA 01043 CEA 14166 

 



  

TABLE E-9.1 - continued 

sl 

S2 

s3 

LL 

HL 

AP 

AK 

IDN 

Bl 

ODN 

TR 

FE 

ODK 

IDK 

VDK 

PY 

RT 

cc 

DC 

RC 

PC 

PL 

RL 

OP 

IP 

OE 

oD 

AE 

DE 

GET 

14167 

14170 

14171 

14172 

14173 

14177 

14200 

14210 

14210 

14211 

14250 

14312 

14351** 

14354** 

14363** 

14366 

14413 

14502 

14532 

14562 

14600 

14634 

14714 

14727 

15000 

15071 

15127 

15274 

15320 

"15360 
15376 

15430 

PUT. 

CMN 

cL 

AKS 

APS 

PRS 

PPS 

B2 

CKSH 

EOF 

MR 

15442 

15456 

15472 

15506 

15513 

15534 

15541 

15556 

15616 

15617
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E-10 PUNCH DRIVER LOADING PROCEDURE 

The following loading procedure was used to 

construct the Paper Tape Punch Driver Program 

(see Figure 6.3) used in the OLDFP Executive. 

(1) Load an object tape of HSPD-H, 

P=37000., A=16000. 

(2) Load an object tape of C$OPF (contained 

on the standard Honeywell general input/output 

library, GEN-IOL), 

Press start. 

(3) Load an object tape of XLOCS, 

Press start. 

A memory map of the loading procedure is 

given in Table E-10.1.



TABLE E-10.1 - MEMORY MAP OF THE LOADING PROCEDURE 
  

USED IN MAKING THE PUNCH DRIVER PROGRAM 

*LOW 00000 XPLP 01013 C$OP 16346 

*START 16000 XPSP 01014 

*HIGH 16354 XCCW 01015 Lc 

*NAMES 33355 XEPP 01016 

*COMN 37777 EROR 01016 

COF2 00000 XLOD 01017 

COF1 00000 XPEP 01020 

CIF2 00000 XSYS 01021 

CIF1 00000 XICF 01022 

MTI2 00000 XSSA 01023 

MTI1 00000 XHLT 01024 

LPI2 00000 XPLT 01025 

LPI1 00000 XPCT 01026 

ASF2 00000 XCUT 01027 

ASF1 00000 XIDT 01030 

ROCB 00000 XID1 01031 

ROCA 00000 XID2 01032 

XSTR 01000 XIVT 01033 

XLNK 01001 XINT 01034 

APFP 01002 XDCT 01035 

XMIL 01003 XSPT 01036 

XSEC 01004 XOPT 01037 

XMIN 01005 XCLC 01040 

XHR 01006 XHPT 01041 

XDAY 01007 XPET 01042 

XMSD 01010 XEXA 01043 

XPIC 01011 BP 16006 

XJBS 01012 C$OPF 16346
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E-11 CORRECTIONS TO THE STANDARD SOFTWARE 

Before the OLDFP Executive can be used the 

following three corrections to the standard 

software should be made. 

E-11.1 CORRECTION TO H$2J 

The following correction is necessary to 

ensure that the address of the calling program is 

not lost when M$2J and D$2J are entered with a 

zero numerator. 

location contents 

M$2J + 12, JMP '772 

M$2J + 242. JMP '770 

770 STX* '774 

TTI, JMP* '775 

772 STX* '1774 

773 JMP* '776 

774 OCT 10535 

775 OCT 10476 

776 OCT 10046 

E-11.2 CORRECTION TO HSPD-H 

The following correction is necessary to 

prevent bit 8 being punched out in 'trailer tape'



E-11-2 

by the paper tape punch driver program. 

location contents 

Peet 145. JMP PP+211, 

E-11.3 MODIFICATION TO THE REAL TIME CLOCK FREQUENCY 

The fundamental unit of time in the Executive 

Real Time Clock Program is 0.1 sec and with this 

resolution it was found that the frequency of the 

signal being monitored by the Hadios counter 

input subinterface could not be determined 

accurately. To overcome this problem the resolution 

of the Executive Time Clock Program was changed to 

0.02 secs by making the following modifications. 

location contents 

XMIL (10034) 61g (5049) 

CLK2 (3302) 62. . (4949) 

CLK3 (3303, ) 17777, (1)
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E-12 ERROR MESSAGES GENERATED BY THE OLDFP 

EXECUTIVE. 

Tables E-12.1 to E-12.6 list the errors which 

may occur when the OLDFP Executive is running. 

With the exception of those shown in Table 

E-12.6 these errors all indicate a serious 

malfunction either by one of the programs in 

the system or by a peripheral device and there- 

fore they should be investigated immediately. 

The general error message format is, 

E NNNN XX 

where, NNNN is the error identification number, 

and, XX is a two letter program name. 

Special formats apply to tables E-12.3.1, 

E-12.3.2 and E-12.6.



TABLE E-12.1 - ERROR MESSAGES GENERATED BY EXECA 

  

ERROR 
MESSAGE 

MEANING 

  

  

E 

E2 

E3 

E4 

E7 

El 

El 

El 

1 xXx 

XX 

XX 

1 $$ 

2 XX 

3 XX   

a) Named program (xx) has asked for a 
function involving another program, but 
the requested program can not be found 
in the Executive Program List Table 
(XPLT). 
b) Named program has used an illegal 
function number. 

Program has tried to schedule a label 
(function 2) in the named program (xx) 
which is either not active or which 
already has the maximum number of 
labels scheduled. 

Named program (xx) has tried to connect 
the clock, but the Executive Clock 
User's Table (XCUT) is full. 

Named program (xx) has tried to 
disconnect the clock without its 
having been connected. 

Named program (xx) has attempted to 
terminate with an interrupt still 
connected. Program (xx) will be 
disabled; it can only be re-enabled 
by operator intervention. 

An unidentified interrupt has occurred. 
The interrupt is ignored. 

Named program (xx), which is interrupt 
driven has tried to schedule a label 
from its interrupt response code to 
its non-interrupt code, but the XLPT 
table is full. 

The Executive has tried to schedule a 
label (from XLPT) in the named program 
(xx) which is not active or which 
already has the maximum number of 
labels scheduled. 
   



TABLE E-12.2 - ERROR MESSAGES GENERATED BY THE 
  

OP-16 FORTRAN INPUT/OUTPUT EDITOR (OPED) 

  

  

  

MESSAGE BENG 

7O1XX Digit precedes opening bracket 

702XX No opening bracket 

7O3XX No decimal point 

7O04XX Illegal character 

T7OS5XX Integer precedes - 

TO6XX Integer precedes/ 

TOTXX Too many nested brackets 

71OXX Non integer 

711XX Out of range for fixed point 

712XX Out of range for integer 

713XX Not Tor F 

714XxX Field width exceeded      



TABLE E-12.3.1 — ERROR MESSAGES GENERATED BY THE 

RE-ENTRANT FLOATING POINT MATHS 

LIBRARY (RFMATH) 

  

  

  

MNEMONIC MEANING ROUTINE 

DZ Division by zero D$2d 

SA Arithmetic overflow (result S$2J, 
> 2**127) AS$2d 

SD Divisor unnormalised D$25 

SM Arithmetic overflow during D$2J, 
multiplication or division M$2J       

Error Message Format E77 YY, where YY is the two 

letter Fortran object time error mnemonic - this 

format also applies to the errors in Table E-10.3.2. 

 



TABLE E-12.3.2 - ERROR MESSAGES GENERATED BY THE 

STANDARD MATHS LIBRARY 
  

  

  

MNEMONIC MEANING ROUTINE 

AD Over/underflow in double A$66, S$66, 
precision A$66X,S$66X 

DL Negative or zero argument | DLOG, DLOG1O, 

DLOG2 

DT Both arguments are zero DATAN2 

EQ Exponential overflow 
adding integer to double A$81 
precision exponent 

EX Exponential overflow EXP 
during exponentiation 

GO Incorrect control variable G$GA 
in a GOTO statement * 

II First argument zero, 
second argument negative ESI1, ES11x 

IM Overflow/underflow during 
integer multiplication M$11, M$11X 

IZ Integer division by zero D$11, —D$L1ix 

LG Log of negative or zero ALOG, ALOG1O, 
argument ALOGX 

MD Double precision multi- 
plication or division be Br eaae 
overflow/underflow ’ 

PZ Double precision division eer D$66, D$66x 

RI Integer too large when 
converted from real to C$21 
integer 

SQ Negative argument SQRT, SQRTX        



TABLE E-12.4 - ERROR MESSAGES GENERATED BY THE 

HADIOS DRIVER PROGRAM 

  

ERROR REPORTING 
MESSAGE ENG PROGRAM 
  

  

E600XX When the driver attempted to HAD-DIO 
use an input or output device, 
the device was found to be non- 
operational. Bit 1 of the 
device address will be set, and 
control will only be returned 
to the user's error address on 
completion of all other 
requested transfers. 

E601XX When the driver attempted to HAD-DIO 
schedule a label to return 
control to the user's program 
an executive error occurred. 

E610XX When the driver attempted to HAD-ANI 
schedule a label to return 
control to the user's program 
an executive error occurred. 

E611XxX When the driver attempted to HAD-ANTI 
output the set up word to an 
analogue input, the device 
was found to be non-operat- 
ional.. 

E612XxX When the driver attempted to HAD-ANI 
input data from an analogue 
input, the device was found 
to be non-operational. 

E1110HA When HAD-DIO was requested H1-H6 
an executive error occurred 

E1120HA Error return from HAD-DIO H1-H6 

E1130HA When HAD-ANI was requested H1-H6 
an executive error occurred 

E1140HA Error return from HAD-ANI H1-H6 

E1150HA When the supervisory program H1-H6 
attempted to schedule a label 
to return control to the 
user's program an executive 
error occurred        



TABLE E-12.5 - ERROR MESSAGES GENERATED BY THE 

TELETYPE (ASRD-S) AND PUNCH (HSPD-H) 

DRIVER PROGRAMS 

  

  

  

ERROR 
MESSAGE MEANING PROGRAM 

E110XxX The named program has requested ASRD-S 
ASR reader/punch option. This 
option is not supported by this 
version of the ASR driver 

E111XxX When requested by the named ASRD-S 
program the ASR was found to 
be busy or not ready. 

E112Xx When the named program requested ASRD-S 
data input the data was lost 

E7OXX When requested by the named HSPD-H 
program the punch was found 
to be busy or not ready.        



TABLE E-12.6 - ERROR MESSAGES GENERATED BY THE 

UTILITY PROGRAM (ONLCUP ) 

  

  

  

ERROR 
MESSAGE MEANING 

FE Format or function error; parameter 
entered incorrectly. 

LE Limit error; attempt to modify core 
outside core protection limits. 

HE Header error; incorrect header record 
for the particular type of paper tape 
transfer requested. 

CE Checksum error detected during a paper 
tape function. 

E100 KB The utility program has been unable to   complete the request and has been 

terminated. 
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E-13 USE OF THE OLDFP EXECUTIVE 

The program shown in Table E-13.1 was written 

to test the OLDFP Executive. It contains most 

of the features discussed in Appendix D-2 as 

well as calling on all of the peripheral device 

drivers included in this version of the Executive. 

The loading procedure for this program will not 

be discussed here since it is not only straight- 

forward but also it is felt by the author that 

the techniques involved in constructing such 

programs is adequately covered in Chapter 9 and 

Appendix G. 

Perhaps the easiest way of explaining how 

the program operates is to refer to Table E-13.2, 

which shows a log of a typical operating session. 

Following the loading of the two SLST's (one 

being the OLDFP Executive and the other the 

Fortran program) the system is started up in the 

usual manner by setting the P/Y register to 1000, 

and pressing the start button. The executive 

then performs its own initialisation procedures 

and waits for the first job request. In the case 

of the OLDFP Executive, the first program can
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TABLE E-13.1 - EXAMPLE FORTRAN PROGRAM TO TEST THE OLDFP 

DIG 

18 

DIG 

22 

24 

EXECUTIVE. 
HEADER HT 

HEADER HT 
DIMENSION AC 28)» BC28)sCC20)5DC20)s1 PCS) 
LOGICAL ISTARTs I TERM 
REAL ITIM1,I1TIM 
EXTERNAL BUFAs BUFD 

PAGE 1 

DATA IH 1s IH2s 1H3s IH 4s IH Se IH 6/ QHH 1s QHH 2s QHH 35 QHH 4s QHH Sp QHH 6/ 
DATA IR1lsIR2s.1R3s 1 R4s 1 R6s 1 R77 $105 $382 $515 $35s $40 $7O/ 
DATA IHT/2HHT/ 
DATA IEND/ 107 
DATA IPC 1)sIPC2)o1PC3)s1 PC 4) 1 PC5)/ QHHT»s $695 $7 1s 402 B/ 
DATA IPP/2HPP/ 
DATA ICH1isICH2/ 15177 

ITAL INPUT ‘i 

ISTART=+ FAL SEs 
ITERM=- FALSE. 
REQUEST IHICIR1}55110 
WAIT 
IDIGI=I FETCH(LOC¢ BUFD)) 
IFCIDIGI-GE- 16384) ISTART=- TRUE. 
IFCIDIGI-LT-@) ITERM=- TRUE} 

ITAL OUTPUT 

IDIGO=9 
IFCITERM) GOTO 71 
IFCISTART) GOTO 22 
ISCAN=0 
GOTO 24 
ISCAN=I SCAN+1 
IFCISCAN-GT+-IEND) GOTO 71 
IDIGO=IDIGO+I SCAN 
IDIGO=1DIGO+ 16384 
=IDIGO 

@SSM 
IDIGO= 
CALL ISTORECLOC(BUFD)+1,I1DIGO) 
REQUEST IH2CIR2)5» 129 
WAIT 

CONNECT COUNTER INTERRUPT 

30 

1200 

2608 
32 

35 

IFCeNOTeISTART) GOTO 69 
IFCISCAN-NE-1) GOTO 32 
WRITEC 1s 1200) 
FORMATC18H INPUT 1 FOR PUNCH) 
READC 15 2608) IFLAG 
FORMATCI1) 
REQUEST IH4CIR4)s5148 
WAIT 
CONNECT INTERRUPT HSC 18]. 150 
ITIM=FLOATC I FETCH(LOCC BUFD) + 4) )+5@- *¢ FLOATC I FETCH(LOC( BUFD) 

1 +5))+ 60+ *¢€ FLOATC I FETCH(LOCC BUFD) + 6) ) + 68+ * FLOATC I FETCH(LOC 
2 CBUFD)+7)))) 

C ANALOGUE INPUT



a
a
a
 

a
a
a
 

c 
c 
c 

TABLE E-13.1 - continued 

HEADER HT PAGE 2 

REQUEST IH6CIR6]s2 160 
WAIT 

READ TIME 

4@ IHRS=I FETCH(LOC( BUFD)+7) 
IMIN=I FETCHC(LOC(C BUFD) + 6) 
ISEC=1 FETCH(LOCC BUFD)+5) 

DATA PROCESSING 

DO 5@ I=ICH1,ICH2 
BCI SACI) 

5@ CONTINUE 

GET COUNTER FREQUENCY 

DISCONNECT INTERRUPT 18 
I TIM 1= FLOATCI FETCH(LOC( BUFD) +8) ) + 50. *¢ FLOATCI FETCH(LOC( BUFD) 

1 +9))+60-*¢ FLOATCI FETCH(LOCC BUFD) + 19) + 68-* FLOATC I FETCHCLOC 
2 (BUFD)+11)))) 
IFCITIM1-GE-ITIM) GOTO 55 
REQUEST IH3CIR3152 138 
WAIT 

S1 IVAL=I FETCH(LOC(C BUFD)+2) 
I TIM 1=FLOATC I FETCHCLOC( BUFD) + 4) )+50-*¢ FLOATCI FETCHCLOC( BUFD) 

1 #5) )+60+*¢ FLOATCI FETCH(LOC( BUFD) + 6) + 60-* FLOATCI FETCH(LOC 
2 (BUFD)+7)))) 
GOTO 56 

SS IVAL=127 
S56 IVAL 1l=I FETCH(LOC( BUFD)+3) 

IFCABSCITIM1-ITIM)-LT-e@-8881) GOTO S7 
CRATE=50-*FLOATCI VAL=I VAL 1)/CITIM1-I TIM) 
GOTO S8 

S7 CRATE=99999909 

OUTPUT (ASR)? 

S8 IFCISCAN-NE-1) GOTO 62 
WRITEC 1s 1880) 

1980 FORMATC///1H » 19X»33HOP16 DYNAMIC LOGGING PROGRAM MK 17 
11H »11Xs33¢ 1H=)) 

62 WRITEC1s1910) ISCAN 
1819 FORMATC///9H SCAN NOosI3/1H » 11C1H-)) 

WRITEC 1» 1028) LHRSs IMIN»s TSEC 
1020 FORMATC//SH TIMEs SXs12s IHes 12s IHeo 12) 

WRITEC 1» 1930) 
1838 FORMATC//12H CHANNEL NO+»s 7X» SHVALUEs SXs 1SHCONVERTED VALUE/) 

DO 65 I=I1CH1,1CH2 
IM1=I-1 
WRITEC 151040) IM1, ACI), BCI) 

1940 FORMATC1H » SXs12s 10Xs FBe 4s SX» E12 6) 
6S CONTINUE 

WRITEC 1.1190) CRATE 
1108 FORMATC//18H COUNTER FREQUENCYs F1l- 2s 4HCHZ)) 

WRITEC1,1110) ITIMsITIM1,1 VAL ls I VAL



115 

TABLE E-13.1 - continued 

HEADER HT PAGE 

111@ FORMATC1H » 2CE2Q. 14s 1X)» QC1 Ss 1X)) 

116 C 
117 C OUTPUT CHSP) 
118 C 
119 IFCIFLAGeNEe1) GOTO 69 
128 REQUEST IPPCIPIs2196 
121 WAIT 
122 C 
123 C TERMINATE THIS SCAN 
124 C 
125 69 TERMINATE 
126 C 
127 C TERMINATE THE PERIODIC EXECUTION OF THIS PROGRAM 
128 C 
129 71 IDIGO=9 
136 ISCAN=9 
131 CALL ISTORECLOC(C BUFD)+1s1DIG0) 
132 REQUEST IH2CIR7Js5170 
133 WALT 
134 78 WRITEC 1s 1960) 
135 1668 FORMATC///36H **** HT DISCONNECTED FROM THE CLOCK) 
136 DISCONNECT CLOCK IHT(2)» 189 
137 72 TERMINATE 
138 C 
139 C HERE TO REPORT ERRORS 
148 C 
141 11@ PRINT ERROR IHTC: 30108) 
142 GOTO 71 
143 128 PRINT ERROR IHTC: 3620] 
144 GOTO 71 
145 13@ PRINT ERROR IHTC? 3838) 
146 GOTO 71 
147 140 PRINT ERROR IHTC: 3040) 
148 GOTO 71 
149 15@ PRINT ERROR IHTC? 3050) 
150 GOTO 71 
151 16@ PRINT ERROR IHT(: 3068) 
152 GOTO 71 
153 176 PRINT ERROR IHTL£: 3078) 
154 GOTO 78 
155 188 PRINT ERROR 1HTC23198) 
156 GOTO 72 
157 19@ PRINT ERROR IHT(C: 3200) 
158 GOTO 71! 
159 END 
160 $O e 

ND OF JOB
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only be initiated by first entering the utility 

program and requesting its execution - 

subsequently this need not be the case. The 

utility program is entered by typing an $ 

character at the teletype or VDU. The system 

then responds by outputting SF=; see Table E-13.2, 

page 1. The user may now issue any of the 

commands allowed by the utility program ONLCUP - 

see Appendix D-3. In this particular session 

the following functions are used - see Table 

E-13.2, page 1:- 

(i) Set the real time clock to 14 hours 

10 minutes. 

(ii) Print the time. 

(iii) Transfer from core to paper tape 

locations 100, to 4778. 

(iv) Use the Replace Core function to modify 

the contents of location 3241. to 16406. This 

is the location in which the OLDFP Executive 

expects to find the start address of program HT. 

(v)&(vi) Modify the analogue ensemble and the 

counter preset value - these are data values 

required by the Hadios Drivers Supervisory program - 

see Appendix E-1. 

(vii)&(viii) The extent of core which can be 

modified using ONLCUP is now set to locations 

16400. to 37777,- This information is then
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printed out using the Print Limits function. 

This action prevents the user from accidentally 

modifying the OLDFP Executive. 

(ix) The user now connects program HT to 

the clock. The initial interval is 60 units, 

subsequent intervals are 35 units and base 

frequency 2 specifies the units of time to be 

seconds. 

(x) Finally, to enable program HT to run, 

the user exits from the utility program by 

typing an exclamation mark. 

In this session two additional features of 

the utility program are displayed, these being 

(i) FE - a function error message is output 

when the command TC is input because this is not 

an allowed command, 

(ii) The use of the slash character (/) to 

terminate the replace core function. 

After the initial delay of 60 seconds 

program HT is initiated for the first time by 

the executive. Table E-13.1 shows that the first 

action by this program is to access the digital 

input value to see whether the user wishes the 

program to start reading and printing out the 

values of the analogue and counter inputs,
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ISTART=.TRUE., or to disconnect the program from 

the clock, ITERM=.TRUE.,or merely to terminate 

this particular run of program. It is via the 

digital input that the user communicates with 

the program: setting bit 2 of the digital input 

box causes ISTART to be set to .TRUE., whereas 

setting bit 1 causes ITERM to be set to .TRUE. 

The next section of the program, digital 

output, is used to inform the user what is 

happening. Bit 1 being lit means that the 

program HT is connected to the clock, bit 2 

being lit means that the program is reading and 

Baineine out the values of the analogue and 

counter inputs. The remainder of the bits 

indicates the number of times the program has 

read the analogue and counter inputs (referred to 

as scans). 

As can be seen from Table E-13.2, pages 2 

to 4, the program performs 3 scans and is then 

disconnected from the clock by setting bit 1 

of the digital input box; see page 5. 

The user now reenters the utility program 

and modifies the analogue ensemble before 

initiating another run of program HT. Note that 

a Limit Error (LE) is obtained when an attempt is 

made to modify a core location outside of the 

limits set on page 1.



TABLE E-13.2 - LOG OF OPERATING SESSION 

61 9 Se 
11162 147 

SF=RL 16498,37777 

16489 37777 
SF=PT 
1411 
SF*CC HT.68.35-2 
SF=! 

enter utility program 
set real time clock (i) 
print time (ii) 

function error 

transfer to paper tape (iii) 

set start address of HT (iv) 

set analogue ensemble to 5 (v) 

set counter preset value to 50, (vi) 

set limits (vii) 

print limits (viii) 

print time 

connect program HT to the clock (ix) 
and exit (x)
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INPUT 1.FOR PUNCH1 

OP16 DYNAMIC LOGGING PROGRAM MK 1 

SCAN NO 
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48 «185 
341.67¢HZ) COUNTER FREQUENCY 

8 .25594319999936E 97 @.25994379999961E e7 

fo. 02 
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185 42 @.25612679999349E 97 @.2%612739999928E 87 

3 SCAN NO. 

14.14.16 TIME 
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TABLE E-13.2 - continued 

*%%£ HT DISCONNECTED FROM THE CLOCK 

s 

SF=PT a 
1415 
SF=RC 31341 
LE 
SF*RL 8.37777 
SF#RC 11341 set analogue ensemble to 12,(10 9) 
11341 5 12 
11342 498728 ~ 

Sear HT. 18.45,2 second run of program HT 
mi



APPENDIX F 

LISTINGS OF BASIC COMPUTER PROGRAMS 
  

CONTENTS 

F-1 

F-2 

INSTRUMENT CALIBRATION PROGRAM 

PRESSURE TO TEMPERATURE PROGRAM 

STEADY STATE LOGGING PROGRAM 

DYNAMIC MODEL SIMULATION PROGRAM 

GRAPH PLOTTING PROGRAM 

DETERMINATION OF EIGENVECTORS PROGRAM



TABLE F-1.1 ~ INSTRUMENT CALIBRATION PROGRAM 

18 
Ww 
1s 

38 
35 

4s 

35 

65 
78 
7s 
80 
ba 
93 
95 
168 
185 
118 
115 
129 
125 
130 
135 
146 
145 
156 
155: 
168 
165 
170 
175 
188 
185 
1s@ 
v5 

    

  

  

REM ON-LINE INSTRUMENT CALIBRATION PROGRAM 
REM Sessssssssss Saesssesessssesee2= 

DIM AC 68) 
CALL (4s 1540) 
CALL (922) 
D=93D1.D2=0 
N1i=@:N2s31 
PRINT “ ","ON-LINE CALIBRATION PROGRAM" 
PRINT " “, "sare Sss222222ss2e225222" 
PRINT : PRINT 
PRINT “INPUT SCAN INTERVAL"3: INPUT I: PRINT 
PRINT “INPUT NUMBER OF SCANS"3: INPUT Si: PRINT 
PRINT "INPUT TYPE OF COUNTER SCAV"s: INPUT Cl: PRINT 
PRINT “INPUT COUNTER PRESET VALUE"3: INPUT Vt PRINT 
PRINT "INPUT NUMBER OF CHANNEL TO BE CALIBRATED"s: INPUT K1: PRINT 
IF K1>68 GOTO 195 
PRINT “INPUT ENSEMBLE"5: INPUT E 
CALL (9,3) 
CALL (9,2) 
N3, A2=0 
PRINT “CHANNEL NO. "3KI 
PRINT "-~--------------" 
PRINT 
CALL C1, Ds TsS1s-EsN 14N2s2 Cle Ve DI» D2s ACB)? 
IF K1=16 GOTO 145 
IF K1=32 GOTO 155 
PRINT ACK1) 

GOTO 168 
PRINT ACK1)sAC32)5 AC33),AC36) 
GOTO 160 
PRINT ACK 1)sAC33)2AC36) 
N3=N3+1 
A2=A2+ ACK 1) 

CALL ¢2) 
A2=A2/N3 
PRINT : PRINT “AVERAGE READING IS"3A2 
PRINT 
GOTO 75 
END



TABLE F-2.1 - PRESSURE TO TEMPERATURE PROGRAM 

     

  

“IST 

980 REM PRESSURE TO TEMPERATURE CONVERSION - TEST PROGRAM 905 REM ssssss22= S22easasss2555222222555_ 2.52225 
946 PRINT "TEMP. (DEG) " PRESS-(KPA)" 
945 PRINT 

950 FOR P922Gs 120s 19 
1860 REM PRESSURE TO TEMPERATURE SUBROUTINE 
1961 REM ao fen e- nee e ae een aaa 
1805S TI=LOGCP97101-325)/13.3185 
1018 T8=T9 
11S FOR [=154 
1920 T7=T9*C€ (+ 1299% TBs 6.445) #184 16976) * TS*TB/ 13-3185 
1902S IF ABSCT7-T8)<.1E-84 GOTO 1040 
193@ T8=T7 
1935 NEXT I 
194@ 192373 15/¢1-T7)-273.15 
18945 PRINT P9,79 
1058 NEXT P9 
1055 END pels 

2.2UN 
TEMP. (DEG) PRESS. (KPA) 

20 68.0842 
30 6941222 
42 7568838 
se 8163436 
63 85-9523 
70 89.9578 
80 9365114 
90 96-7128 

100 99+ 6316 
110 102.318 
120 104681 

1955 EXIT 
a



TABLE F-3.1 - STEADY STATE LOGGING PROGRAM 

199 
ug 
128 
121 
125 
138 
135 
148 
145 
16 
135 
168 
165 
166 
167 
178 
17S 
188 
182 
183 
18S 
187 
199 
195 
214 

215 
216 
229 
221 
22s 

  

REM STEADY STATE LOGGING PROGRAM = MK.3 
REM Sasssasssessssssssss2ss222s2ese5222 
DIM AC 68)» BC 6s 7)» CC 29) s DC 29) 5 GC 28) 5H 29) 9MC 29), TC 28)s VC 29) 
Z6=8 

2926: GOSUB 1158 
IF Z6=1 GOTO 46 
PRINT “INPUT DATE (DAYSsMNTHSesYRSe)"3: INPUT DlsD2.D3: PRINT 
PRINT “INPUT TIME CHRSesMINSesSECSe)"3: INPUT 01202,03: PRINT 
REM 
REM INLTIALISATION SECTION 
REM Seeew ones erereewwosos= 
PRINT “INPUT INTERVAL BETWEEN SCANS (SECS-)"3: INPUT I8: PRINT 
PRINT “INPUT TOTAL NUMBER OF SCANS"3: INPUT S: PRINT 
PRINT "INPUT 1 IF HARDCOPIES REQUIRED™3: INPUT ZS: PRINT 
RESTORE 
READ Ds EoN 1sN2s Co Pol lo 122 Als A2s ABs Ads AS 
REM 
REM READ INSTRUMENT CALIBRATION DATA 
REM ESSE LAS SASS AA SOR SS OARS we Oe wa 
FOR 120317 
READ CCI)» DCI) 
NEXT I 
REM 
REM INITIALISE ARRAYS 
REM eee ne enee nnn neee 
FOR 1=@s 29 
ACL sGCI SHC TI SMCIDs TCLs VEIISG 
NEXT I 
REM 
REM SCANNING SECTION 
REM ween eee e ne neee ee 
PRINT : PRINT “SCANNING HAS STARTED™:N951 
PRINT “ktete eee eee ee ee ee eee 

CALL (1s Ds 18s Ss EsN 1sN2.Cs Po I 19122 ACB)? 
CALL (954) 
FOR 130316 
GCIISGCID+ ACT) 
HCTISHCID#CC1I2+DC 1) ® ACID 
MCT SMCII+#CCCID+DCI)¥ ACIDS 
NEXT I 
IF AC32)=@ THEN A9=@: GOTO 179 
A9=( 127=P)/AC32) 
GC17)=GC17)+A9 
HC 172SHO17)94CC1794D¢ 179#A9 
MC 179=MC17)4(CO1794DC179#A9Dt2 
IF N9=1 THEN H6=HC11) 
NO=N9+1 
CALL ¢2) 
H7sHC11) 

PRINT t PRINT “SCANNING HAS FINISHED™ 
PRINT "acto aoe RR 
REM 
REM INPUT UNMEASURED VARIASLES 
REM SSSR eae e See ees ea 
PRINT : PRINT "INPUT COOLING WATER RATE (KG/MIN)"3: INPUT M2 
PRINT 
PRINT “INPUT CONDENSATE RATE (SECS/KG)"3: INPUT M1: PRINT



TABLE F-3.1 - continued 

230 
es 
246 
249 
2568 
251 
2ss 
260 
2es 
216 
27s 
3e 
Ba 
ess 
286 
23a 
329 
325 
336 
335 
348 
359 
368 
361 
365 
376 
375 
38a 
3s 
7 

395 
460 
485 
418 
alg 
423 
421 
425 
«3o 
448 
445 
458 
455 
468 
465 
473 
475 
6S 
98 
“5 
340 
sos 
518 
sis 
520 
ses 

PRINT “INPUT STEAM CONDENSATE RATE (SECS/KG)"3: INPUT MSt PRINT 
MIiszI/MirMSs1/M5 
M2=M 27 68 
REM 
REM ° CALCULATE STATISTICS 
REM ae 
FOR 1=@5 17 
GCId=6CID/S 
HCIJSHCID/ZS 
MCTDSMCIOZS 
MCTI=SORCABSCHC( I) 2MC19)) 
NEXT I 
REM 
REM OUTPUT MEASUREMENTS, CONVERTED VALUES & STDs DEVe 
REM Ga aaa a a ah Taal al 
Z9=13: GOSUB 1158 
PRINT “ CHANNEL, "MEASUREMENT™, CONV. VALUE", STDeDEV.": PRINT 
FOR 1=@s 17 
PRINT IsGCI)sHCIDsMCID 
MCI)sGCID=8 

  

NEXT I 
REM 
REM SET UP HEAT & MASS BALANCE EQUATIONS 
REM - enn nnn nn nen nnn +e 
TC1L)SHC 293 TC 2)5HC3)2 TC3)2HC992 TC 4) SHC8) 
TCSdSH¢ 622 TC11)5HO7)2 TC 129=HC 8): TC 132=HC 1) 
TC 14)SHC5)3TC15)=HC 4): T(522190 
MC2)=HC 17) 2MC 8) SHC 16) 2MC 12)5MC 139=M2 
Vé6ésHC19) 
MCLLDSM1 
H1sHC1) 
P9SHC13)2 GOSUB 1886: T(9)=T9 
P9ISHCS): GOSUB 1994: TC 19)=T9 
P9SHC14): GOSUB 1800: T¢ 6)2=T9 
Cls4- 1868 
REM 
REM SOLUTION FOR FIRST EFFECT 
REM 
MC1)=MC2) 
VCSISMC 29M C8) 
T9=TC3)2 GOSUB 1180:G6¢3)=69 
HC32=VC32*6C3) 
HC1)SMC1)*C1#TC12 
HC2)=MC€2)*C1*TC 2) 
T9=TC 4): GOSUB 100:G¢4)=G9 
MC 4)=CHC 1)4HO3)-HC 29-03) * GC 49/0 C1® TC 49-6049) 
VC 4d2VC32=4C 4) 
HC 4)=VC 4) 8G 404M ¢ 49% C1® TC 4) 

TC7I=CTCS94TC3II72 
MC7I=MC8) 

VC7)=VC3) 
T92T(7): GOSUB 1190: G¢7)=G9 ‘ 
HO7ISVCTI¥GC 74M C7) CRTC 7) 

T9=TC6): GOSUB 1186:G¢ 62=G9 
VC 62=CHCO7)-HC2)970GC 6)=C1*¥TCS)) 
MCS)=VC 6) 

HOSI=MC5)*C1* TCS) 
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527 
S29 
s?@ 
$31 
s3S 
539 

S41 
543 
545 
$58 
sss 
S60 
$65 
578 
s7S 
36 
sss 
398 
95 
620 
63s 
618 
6'9 
€29 
621 
é23 
62s 
638 
635 
649 
645 
658 
655 
668 
66S 
678 
675 
es 

eo 
os 
728 
783 
785 
710 
75 
Tit 
729 
725 
7308 
735 
748 
749 
780 
781 
tae 
768 

HC 6)=VC 6)*GC 6) 
REM 
REM HEAT LOSS FROM FIRST EFFECT 
REM ona) 
HISCMS-VC 6) )*G¢ 6) 
REM 
REM SET UP MATRIX FOR ONDe EFFECT SOLUTION 
REM SAS ee dso esses an ent Sen = 
Y9s1 
HCSISMC8)*C1* TCS) 
HC12)=M¢ 12)*C1*TC 12) 
HO13)=M¢ 13)*C1*TC 13) 
T9=T(9)>: GOSUB 1199:G6¢9)9=69 
T9=TC19)2: GOSUB 1160:G¢19)=69 
FOR 12435: FOR J=@s6 
BCI,J)3@: NEXT J: NEXT I 
BC ls 1) BC 1s 3) BC 1s 4921 
BC 2s 1)=TC 19) *C13 BE 2p 2)=C1*( TC 149-15) 2 BE D> 49= GC 10) 
BC3s3)s BC 3.5251 
BC 4s 1) Bl 4. 4951 
BCS» 29=C1#CTC15)=TC 14) )2 BC Ss 39266992 BCS» SP=TC15)#C1 
BC 1s 623MC11)2 BC 2s 62=HCE 42 BC 3s 69 =M(8) 
BC 4s 62S 49+ VC 43 BC Ss 692HC8) 

  

    

REM 
REM GAUSS-JORDAN ELIMINATION 
REM Sess aes een sas ce~ en eee 
N=S 
FOR I[31sN 
FOR J=IsN 
IF ABSC(BCJs1))>=- 1E-92 GOTO 658 
NEXT J 
PRINT ¢: PRINT “e#** INVERSION ERROR™: STOP 
M9=BCI, IDS 19=1 
IF I+1>N GOTO 783 
FOR J=I+1sN 
IF ABSCBCIsJ))<ABS(M9) GOTO 675 
I9SJIM9=BC Jo I) 
NEXT J 
IF I9=!f GOTO 783 
-FOR K=Is,N+1 
G=BCIZK)2 BCIsK)=BC192K)2 BCI92KI=O 
NEXT K 
M7=BCI,1) 
FOR J=1,N+1:BCIsJ)=BCIsJ)/M72 NEXT J 
FOR K=15N 
IF K=I GOTO 735 
MB=BCKs 1) 
FOR J=1sN+1 
BCKs J)2BCKs J) -M8*BC Is J) 
NEXT J 
NEXT K 
NEXT I 
REM 
REM SOLUTION FOR SECOND EFFECT 
REM aan a 
MC1B)=BC 1s 6) 2M 14)5MC15)=BC 2, 62 VO9I=BC 3s 6) 
VC 1802BC 49 6) 2M C016) =BC Ss 6) 
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760 
765 
778 
778 
788 
735 
798 
79S 
819 
820 
821 
823 
824 
825 
876 
829 
830 
331 
83S 
Bas 
850 
gss 
860 
g6éS 
8798 
875, 
886 
885 
3899 
s95 
899 
908 
981 
965 
918 
ot 
920 
925 
738 
933 
935 
946 
9aS 
955 
956 
957 
959 
968 
965 
967 
978 
975 
988 
981 
982 
984 
6 

VC1B)=BC 4s 692M 16)=BC Ss 6) 
TC16)=TC15) 
HO9I=VC9I*GCID 
HO 1G)=VC 18)*GC 1924M¢ 10)*C1i*TC 19) 
HCirs=MC LiyeCie TC 11> 
HOL4)SMC 14)*C1*TC 14) 
HO1S)=MC15)*#C1*TC15) 
HO 16224 16)*C1*TC 16) 
REM 
REM HEAT LOSS FOR 2NDe EFFECT 
REM SSSatS Sale saa sae sence ean 
M9=M1 
MISC(MC12)%C1*C TC 132=TC 12) 4M C 1G)*C1®TC 1994+ VC 19)* GC 19)+VC99#609)) 
MisM17¢C1*1d®TC 119) 
HO=(MC11)=M1)*C1*TC 11> 
REM 
REM HEAT TRANSFER COEFFICIENTS 
REM SSA sass oe ease eeee 
TISCTC2I=TC 19) LOGEC TE 49=TE19976TC 49=T62)9) 
O1=M¢ 1)*C1*(TC2)-TC1)) 
X1SQ1/CAl*T1> 
L 62=2- 4968*TC 6)+2501-6 
T2a(TCSI#TC 6)/2=CTC7+TC 29722 G2= VE 6 HCC 1#C TC 62-TCS) 946) 
X2=G2/¢ A2*T2) 
T3=CTC14)-TC15))/LOGC CTC 189-TC 159976 TC189=TC 1499 
Q3=M¢15)*C 1*¢TC14)-TC15)) 
X3203/(A3*T3) 
T4a€TC132=TC12)/LOGCCTC119= TC 129976 TC 119=TC 1399) 
Q45M¢12)*C1#¢TC14)=TC15)) 
X42 Q4/¢ T 48 A4) 
REM 
REM OUTPUT RESULTS 
REM wee en eennn---- 

Z9=2: GOSUB 1156 
PRINT “ STREAM™,"™ LIQUID", VAPOUR", TEMP. "s" EN THALPY™ 
PRINT ” ",™ CKG/S)%s" (KG/S)"s2" (DEG. (KI/S)" 
PRINT : FOR [31516 
PRINT IsMCI)s VCI)s TCI) SHC) 
NEXT I 
Z923: GOSUB 1156 
PRINT : PRINT “COMPARISON OF MEASURED 2 CALCULATED VALUES” 
PRINT "“a<------------------------------ weeee-----" 

  

  

PRINT : PRINT "," MEASURED," CALCULATED” 
PRINT “CONDENSATE “eMC 112 sM 1s "CKG/S)" 
PRINT “STEAM "» V6s VC 6)s "(KGS)" 
PRINT “STEAM CONDe "sM5SsV( 62s "(KG/S)" 
M 6=3CH7-H 6)*ASt 263. 1415976 CS= 1) #18# 4) 
PRINT “ACCUMULATION "sM6sMC 1625 "(KG/S)" 
PRINT : PRINT “HEAT LOSSES": PRINT “== 
HOSHC 6) +H 194M 2eC1#TC 12) 
PRINT “HEAT LOSS FROM FIRST EFFECT ".H 1s "CKJ/S)" 
PRINT “HEAT LOSS FROM SECOND EFFECT™,H2s “CKJ/S)" 
PRINT “TOTAL HEAT LOSS “eH ItH2s “CKI/S)* 
PRINT "HEAT LOSS FROM EVAPORATOR “ts CH 14H 2)* 1DO/H9s °C 2) 
PRINT : PRINT "HEAT TRANSFER COEFFICIENTS" 
PRINT "eneenn---------------- ann— "3 PRINT 
PRINT "PREHEATER “sX 1s "CKW/Mt eK) 

   ee---": PRINT
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988 
998 
992 
995 
996 
999 
186 
1961 
1065 
1610 
1815 
1829 
1925 
1636 
1835 
1948 
was 
1499 
1188 
181 
1148S 
1110 
1149 
1158 
1151 
48S 
1168 
1165 
1178 
17s 
1188 
1183 
1185 
1190 
1191 
1192 
1194 
1196) 
1198 
1199 
1298 
1281 
1292 
1295 
1219 
1215 
1229 
1225 
1238 
1235 
1246 
1245 
1258 
1255 
1268 
1265 
12798 

PRINT “1STe EFFECT, X25 "(KW/Mt QekK) 
PRINT “QvDe EFFECT» X3s "CK W/M? 26K)" 
PRINT "CONDENSER "sX4s "CKW/Mt 2K) "* 
2924: GOSUB 1150 
GOTO 1400 
REM 
REM PRESSURE TO TEMPERATURE SUBROUTINE 
REM earner eee nn nono --- 2-2-6 == 
TISLOG(P9/1916325)/13-3185 
T8=T9 
FOR I=154 
TT=T9+C Co 1299%T8+ + 6445) #184 16976)" 134 TS/ 1363185 
IF ABSCT7-T8)<- 1E-94 GOTO 1948 
T8=T7 
NEXT I 
T9IS3T3- 15/€ 1-77) 273015 
RETURN 
REM : ? 
REM SPECIFIC VAPOUR ENTHALPY SUBROUTINE 
REM nat ne rennet ee nn renee nae +--+ 2-2-2 
GIs 10 7798*T9I+ 2581-6 
RETURN 
REM 

REM OUTPUT TITLE 
REM eorennn----- 
IF Z9=9 GOTO 1175 
IF Z8=1 GOTO 1178 
CALL (450,620): PRINT : GOTO 1189 . 
CALL (951) 
CALL (4s 1282 8) 
REM 
PRINT “STEADY STATE LOGGING PROGRAM = PAGE™SZ9 
PRINT “ssesesssesceaecesaaneeesse22eRs2ese225SRS=2E= 

PRINT 
IF Z9=@ GOTO 1198 ‘ 
PRINT "DATE"3 D13"7"3 D23"7"3D3: PRINT 
PRINT “TIME™30 13 "2 "%3023 "2 "303 
PRINT : PRINT 

  

  

RETURN 
REM 
REM 

REM DATA 

REM =--- 
REM Ds EoN 1oN 20 Co Pol lo 12s Als A2s ASs Ads AS 
DATA 9 2G. Gs 1 6s 2+ 10s Br Os « 38s + 72s « 6725 Le 150 « 408 
REM Ctl), DEI) 
DATA = le 257 6546119093 
DATA = 1+ 23385 -1199893 
DATA = 1+3624s- 119993 
DATA -1¢2767s+ 1199893 
DATA = 1¢ 24335119993 
DATA -1+ 1433s+ 119093 
DATA = 1+ 257 6 + 119893 
DATA = 1+ 2243,-119893 
DATA = 1¢27195+119893 
DATA - 1-148 14+ 119093 
DATA +91467E=@2s « 63772 4E-04



TABLE F-3.1 - continued 

1275 
1289 
1285 
1296 
1295 
1386 
1385 
1394 
1395 
1396 
1406 
1465 
1418 
1415 
1429 
1425 
1436 
1449 
1445, 
1456 
1455 
1460 
1462 
146S 
1478 
1475 
1486 
1485 
1498 
1586 
15198 

DATA -+146455s +28 159E-92 
DATA ~2+ 6887 45 6 222261 
DATA = 4¢ 82142, - 216499 
DATA 98+ 174s + 137993 
DATA =9+ 298045 29318 
DATA ~+ 2937 12E- 62s ¢ 4728 66E-94 
DATA «+ 2SE-93.+ 695E-84 
REM 
REM DYNAMIC LOG 
REM enone - een 

PRINT ¢ PRINT “INPUT 1 IF DYNAMIC LOG REQDe"3: INPUT Z6: PRINT 
IF Z6<>1 GOTO 1485 
PRINT “INPUT INTERVAL BETWEEN SCANS (SECSe)"3: INPUT I8: PRINT 
PRINT “INPUT TOTAL NUMBER OF SCANS"3: INPUT S: PRINT 
PRINT “SET SENSE SWITCH 43: INPUT Z6 
CALL € 1s Ds 18s Ss EsN 15N2s Co Po Lo 12s ACB) 
CALL (9s 4) 
FOR I=@5 16 
HCISCCID+DC1)# ACID 
PRINT Is, "sHCI) 
NEXT I 
IF AC32)=0 THEN A9=G: GOTO 1465 
A9I=€127=P)/AC 32) 
HO179=CC€17)+D€17)*A9 
PRINT 175 “s"sHC17) 
CALL ¢2) 
STOP 
PRINT : PRINT "INPUT 1 TO RUN AGAIN"3: INPUT Z6 
IF Z6=1 GOTO 29 
STOP 
END



TABLE F-4.1 ~— DYNAMIC MODEL SIMULATION PROGRAM 

166 
181 
irs 
187 
169 
118 
111 
112 
115 
120 
125 
130 
135 
14a 
145 
149 
150 
151 
1s 
157 
1588 
160 
162 
144 

166 
168 
178 
171 
172 
179 

REM SIMULATION OF EVAPORATOR DYNAMIC MODEL REM Sassessssss222225522222es22225222=5222 
DIM MC17)5VO1795TC17) 9 DC7)s REIT oh 6179s AC 1799 Z617) 
DIM E(7) 
REM 
REM READ PARAMETERS & PHYSICAL DATA 
REM Oe ee ee meme eee een we eeweneene 

REM VOLUMES - V 
READ V1» V2s V3» V4e VSs V6 

REM MASSES - wW 
READ Wis W2sW3s W4s WSs W6 
REM SPECIFIC HEATS - C 
READ C1sC2s,C3,C4 
REM AREAS = A 
READ Als A2s A3s A42 AS 
REM LIQUID DENSITY 
READ R1 
REM HEAT TRANSFER CORRELATIONS 
READ LisM1sN1s01 
READ L2sM2sN2,02 
READ L3243sN3003 
READ L 4sM4sN 4,04 
REM DENSITY/PRESSURE CORRELATION - B 
READ Bt 

REM PRINT OUT FLAG 
READ F9 
REM 

REM ASP DATA 
REM Sos = 
READ Hs» Ps EsK 
NOSINTCP/ 19465) 
REM 
REM READ INITIAL CONDITIONS, DATEs TIME 
REM Wa 
READ Z92Z85Z75Z6sZ5sZ4 
FOR [=1416 
READ MC1)s VCCI), TEI) 
NEXT I 
READ H1 
READ PésP7 

T9=TC 4): GOSUB 1190: PS=P9 
Pi=PS: P2=P6: P3=P7 
REM 
REM INITIALISE ASP & PRINT TITLE 
REM oonece 
CALL (1sT) 
121 
E9=}! 

IF F9=1 GOTO 188 
PRINT “SIMULATION OF EVAPORATOR DYNAMIC MODEL” 
PRINT “sssssesss=s2sees2ssecsa2sss2225222222522" 
PRINT : PRINT : PRINT “DATE™SZ93 "73283 "7327 
PRINT “TIME™3Z63 "2 "3253 "2%3Z4 
PRINT : PRINT : PRINT “STREAM, LIQUID", VAPOUR™,” 
PRINT "MEASUREMENT™ 
PRINT * "2" (KG/S)%" CKG/S) "5" (DEG 0)” 
REM 

  

  

TEMP. ",
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186 
181 
185 
198 
125 
240 
204 
285 
296 
218 
21S 
229 
224 
225 
226 
238 
233 
235 
248 
244 
245 
246 
258 
2ss 
268 
ao 
230 
231 
235 
Be 
2387 
21; 
293 
32s 
348 
345 
358 
369 
378 
371 
375 
376 
338 
331 
3S 
386 
seo 
N11 
395 
396 
397 
460 
48S 
BE 
407 
408 

REM CALCULATE HEAT TRANSFER COEFFICIENTS 
REM or-------- eae nn nee ----------------- 
ULSL 14M 18 CTC A= CTC 124TC 299 7294N 18M 1940 14 V6 39 
U2sL 26M Oe (TCS) = CTC24TC7)9/2)4N 24M (2) +4028 VC 6) 
US=L 34M 3% CTC 109=¢TC159+TC 14) 972)4NSHMC 15940 3eVC 4) 
UASL ae ae CTC 119= CTC 1294TC 13) 97 2)4N eMC 12940 48 (VE 1994099) 
REM 
REM CALCULATE LATENT HEATS 
REM Ssteesene= oe seswn mee 
FOR 121516 
LCI) == 2. 40684T(1)+2581-6 
NEXT I 
REM 
REM CALCULATE VAPOUR DENSITIES 
REM o-- 

  

FOR 121516 
IF TCI)<8 GOTO 240 
RCI) SEXPC 16 93*LOGC TCI) =3- 148797 1908 
NEXT I 
REM 
REM CALCULATE RATE OF CHANGE OF PRESSURE 
REM Pete en en nn enn nn nn nw een een nn cenee 
DIs¢PS-P1)/P 
D2=¢P6-P2)/P 
D3=¢P7-P3)/P 
REM 
REM STEADY STATE EQUATIONS 
REM wenn eee nee e ne en +e eee 

VOTISCVCE 6I*LC52-MC 2)¥C t*CT679-TC2)29/L 63) 
VC3=VC7) 
MCT) sMC83I=MC2)=VC3)=D2e"V3"B1 
MC 4)=0MC1)"C1# CTC 29-TC1202/L 64) 
VE 4) =VC30-M 0 4)-D1I*VO"BI 
VC9I=CMC 14d C IRC TC 14)= TC 15) 4468) *C1*CT6S2=TC15)2/L 015) 
MC102S€MC 1.4) *C1#C6TC14)-TC15))2/L 6 1924MC 4) 
VC 1DISMC 4+ VC 4=M¢C 199=- D3" VSeBI 
MCL1ID=S=VC9)4MC10)9+VC 18) 

  

REM 
REM DIFFERENTIAL EQUATIONS 
REM ween sono 2 een eee 
DC LDSCMC 1D #C1# TC 1D +U1HAIRC TC 49-6 TC294TC 1997 29=M C2) *C 1# TC 29) 
DC1.=DC1d/CV1*R1I*C1+W1*C2) 
DC 2d=VC3)*C1* 6 TC 32=TC 4) + VC 32 8(L 639-64) 4M 0 4) 404) 
DC2QdSCDC2I-U1*AI#C TC 4)=€ TC 2)4TC 12272) /C WER CS+ VO" RE 4D * C4) 
DC3)8MC2)*C1*C TC 29-767) 94L 6728 (M (8 2=MC2)) 
D¢3)5¢DC3)+USKASeC TC S)=€ T6792 *TC 2) 7292/7 W3*CO+ V3" ROT) * CAD 
DC 4d SMC 1.494C 186 TC15)= TC 14) +USHASH CTC 109=€ TC 149+ TC 1599729 
DC 4)=DC 4) /( V4" RI*C 1+ W4"C2) 
DCS) SMC 4d C IRC TC 4)- TC 1992+ VC 494 C186 TC49= TC 1D) 4 VC 4CL 6 49-L 6 19) 
DESISDCSI+L¢ 1B) * (MC 1G) = C 4) -USRAS* CTC 189-¢ TC 1494TC 159972) 
DCS)=DC5)/CWS#C3+VS# RC 1G)*C4) 
DC 62=(MC82-VC9) 7 CASERID 
DCT ISM 129HC1*C TC 129=TC 13) +U4e Ade CTC 119=¢ TC 1394TC 1299729 
DC7)SD672/( VEmRI*C 14 WERC2) 
FOR 12147: D¢CI)=DCI2-EC1): NEXT I 
REM 
REM
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ald 
411 
413 
414 
ais 
417 
419 
420 
421 
423 
425 
#26 
435 
479 
8o 
Pi 
+76 
94 
#95 
496 
sas 
sid 
SiS 
S29 

618 
615 
629 
625 
638 
635 
648 
679 
68 
681 
6s 
698 

REM CALCULATE LOSS TERMS 
REM eater a aia nay ea 
IF T>@ GOTO 429 
IF E9=1! GOTO 417 
FOR I=ls 72 ECI)sD¢1)2D¢12=G: NEXT I 
E9=@ 
REM 
REM TEST FOR PRINT OUT & END OF RIN REM poten nnn nn nooo eee eee 
IF 1282 THEN 12=1: GOTO 496 
CALL €2sPsEsTisI2) 
IF 12=2 GOTO 550 
IF li=2 GOTO 759 
REM 
REM INTEGRATE INDEPENDENT VARIABLE 
REM ttn nnn n nnn noone eee ee 
CALL (3s TsHsK) 
REM 
REM INTEGRATE DEPENDENT VARIABLES 
REM seen ne none 22-2 eee e 
CALL C49 TC2)5D€19) 
CALL (¢4sTC4),D¢€2)) 
CALL (€4sT67)5D€3)) 
CALL €4sT(14).D¢ 4) 
CALL (4s TC10)sD¢5)) 
CALL (4sH1sD¢6)) 
CALL (€4sT€1322D¢7)) 
REM 
REM INPUT MEASUREMENTS - 
REM Peswem anew ennsocne 
IF 1221 GOTO 18S 
IF T2@ THEN NS=N9:N9=1 
FOR J1=1sN9 
FOR [=@s 17 
INPUT Js ACID 
NEXT I 
NEXT J1 
IF T=@ THEN N9=NS 
P1SPS: P2=P6: P3=P7 
P6=AC 12): PT=AC 15) 
T9=AC8): GOSUB 1190:PS=P9 
MC1)5MC€2)=AC 17) 
VC 6)sMCS)=AC 19) 
TC3SAC9)2 TCSISAC ED 
TC1)=AC2) 
TCLIDSACT) 3 TC 1295 ACBI2 TC15)9 TC 162=AC 4) 
Z€2)2AC3)2Z6 493 AC8I2Z67ISCAC 6 FAC9II72 
ZC14)SACS)22613)=AC 1922616920011) 
IF T<>@ GOTO 686 
TC2)5Z62):TC 4222649 
16795206792 TC1392Z¢ 139 
TC14)2Z¢14)2MC16)sH15Z¢ 16) 
REM 
REM PRINT OUT SECTION 
REM fee se seen erecerce 
IF F9=1 GOTO 695 
PRINT : PRINT “TIMECSECS)"3T: PRINT : GOTO 697
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os 
697 
698 
79 
743 
705 
719 
715 
726 
72S 
738 
735 
748 
738 
399 
960 
961 
904 
995 
969 
9198 
914 
915 
919 
9°38. 
924 
925 
929 
938 
932 
934 
936 
939 
948 
944 
945 
949 
956 
954 
933 
957 
959 
961 
963 
96S 
GAT 
969 
971 
973 
975 
976 
979 
981 
983 
985 
989 

PRINT T 
IF T=@ THEN H1sZ¢162=1-14576 
MC16)SH1 
FOR I=1516 
IF F9=1 GOTO 729 
PRINT IsMCI2s VCDs TCL) sZE1) 
NEXT 
GOTO 

I 
18S 

FOR [21515 
PRINT TCI)s "s"sZC1) 
NEXT I 
PRINT MC16)9"s"5Z¢€ 16) 
GOTO 
STOP 
REM 
REM 

185 

DATA 

v 
+ 1S93E-62,. Te G2s « 29 18 E~ 82s 39 47 E~ G2, 0 1SLE-Dlae ecole bere 

Ae 91s 22038 408~ foes 9225 130 4525 14695 
Cc 

Ae 18682 +38 4926 4519s 109 
ACOUTSI DED 

© 39552 ¢ 7238s + 672s 1s 1834.6 4DSt eB. 1415974 
R1 

985-22 
LaMsNsO = HeTeCo 

+ T21S46E-9 15-6 168 1S4E-B3s 8- 233715 130 6061 
203210 62-69 S23G3E-G1s 76111635 1520 481 
1629 675s 43455 6E-915 -814137,-92.922 
1¢@1167s~» 508808 E-B2,= 1. 6421Ss-6292726E-93 

Bs F9 
+ 607 4E-G2,8 

Hs Ps Esk 
Ss 182598. 4 

DATE & TIME 
22s 39772 11s 3828 

INITIAL CONDITIONS 
¢ S7T3269E-O1s Gs 17. 4736 
© S73269E-G1s Gs 65-1495 
Bs « 2268 S6E-Gls 7 66 254 
+ 508.48 6E-92s + 17 6007E- 81,7 4e 2933 
2 219S99E-B1s Os 100 
Os « 219SIPE=Gls 1140927 
+ S46413E-B1, - 226856E- G2, 7568355 
+ 346413E-91s 8975. 4169 
Os ©7617 4AE-G2s 6209168 
+ 11S818E-@14+111838E-91, 71.2933 
+ IB3O3E-G 1s Os 57-8866 
© 4366675 Os 1568766 
+ 4366675 Gs31- 6885 
16552275 G» 58-1713 
1 552275 Gs 55-8925 

+ 270239 E-G1s 8s 5568925 
H
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998 
994 
995 
1699 
1186 
1181 
1195 
1119 
1115 
1788 

DATA 1-12361 
REM P6¢€ 12) P7¢ 15)-PRESSURES 
DATA 44084795 296 6868 
eo] 
REM TEMPERATURE TO PRESSURE SUBROUTINE 
REM oor ee nee -- 22-2 - === --- +2222 -- +2 = 
TS 1-373. 15/¢ 2736 15+T9) 

P9= 101 325* EXPC TS*( 13+ 318 S= T8#( 16.9674 TS*( 6445+ ~ 1299473)? 
RETURN 

END 

 



TABLE F-5.1 - GRAPH PLOTTING PROGRAM 

1f REM GRAPHICAL DISPLAY OF ON-LINE FILTERING RESULTS 
Ma REM SSessssesssssssssssssssseeesseeeseeeeessezaee= 
1S DIM AC20)sBC26),C(29),D¢ 29) 
23 «CALL (1s 14698) 
25 PRINT "ReNeWEBB ~ GN-LINE KALMAN FILTERING” 
30 «PRINT “ssssssss=2s2==2=s22s2ssssssse22=s225=" 
35 PRINT : PRINT 
40 «=PRINT “INPUT RUN NO."3: INPUT R1: PRINT 
45 PRINT “INPUT TYPE OF FILTER™3: INPUT Fl: PRINT 
54 REM 
SS REM INITIALISATION SECTION 
S6é REM were ne - 22-22 --- eee 
68 PRINT “INPUT STREAM NO- OF VARIABLE TO BE PLOTTED"; 
61 INPUT Kl: PRINT 
65 PRINT “INPUT VERTICAL MIN» & MAX» COORDINATES FOR VARIABLE™3K 13 
66 INPUT Y1sY2: PRINT 
7S S=38 
86 N=60 
84 REM 
8S REM INITIALISE GRAPHICS & SET VIRTUAL WINDOW 
86 REM SOE Ca ee eee aS = == eee ene See ona aaa 
oF 1292 V2=1778 
93 S$1=166:S2=965 
180) =S3=36:S4= 600 
165 V3=Y 1: V4=Y2-Y1 
116 GOSUB 1900 
139 REM 

148 REM DRAW AXES 
141 REM ne 

145 Té=4:T9=V2 
1éS Y9SY2-Yi:YO=¥1: GOSUB 1190 

  

169 REM 
176 REM OUTPUT SCALES & TITLES 
171 REM Benen ee enee ew een ones 

175 T=206:Y=776: GOSUB 996 
18@ PRINT "ON-LINE KALMAN FILTERING - FILTER"3 F135" = RUN"SRI 
181 T=200:Y=748: GOSUB 990 
183 PRINT “sss=s===s2===2==s2s2225 
18S T=78:Y=5: GOSUB 999 
198 PRINT Ta," "s"TIME (SECS.) "3 
19S T=928: GOSUB 990 
200 PRINT Ves 
a-G «T= 
24a@ Y=615: GOSUB 990 
245 PRINT Y2 
258 Y=3@: GOSUB 996 
255 PRINT Y1 

  

259 =REM 
268 REM OUTPUT GRAPHICAL KEY 
261 REM e2---- woo eeeee o+--- 
262 L2l2:Le=3a:Lizi4 
26S T=150:Y=S8@: GOSUB 996: T9=400 
270 «PRINT “ESTIMATE” 
273 «T=310 
27S) CALL (357, TsY): CALL (3,92 T9sY) 
280 T=156:Y=550: GOSUB 960 
285 PRINT "MEASUREMENT"
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287 «T2310 
290 CALL (3s7TsY): CALL ( 493,79, YsL2) 
295 T=15@:Y=529: GOSUB 94d 
308 PRINT “PREDICTION” 
385 T=318 
316 CALL €3575TsY): CALL (4235 T9s Ys) 
315 T=150:Y=499: GOSUB 900 
328 PRINT “COVARIANCE” 
993° 12310 
925 CALL (3.7+Ts¥): CALL (453079, YsL1) 
329 REM 
338 REM OUTPUT LABELS & UNITS 
331 REM oern---------- ------- 
365 T=246:Y=706: GOSUB 900 
378 «=IF K1=7 GOTO 385 
37S PRINT “TEMPERATURE (DEG-C) - STATE ESTIMATE NO."3K1 
32 GOTO 396 
38S PRINT “SECOND EFFECT SEPARATOR HEIGHT (METRES) 

  

398 Ni=t 
391 T=a 
392 —FOR 121250: CALL ¢7,18): NEXT I 
394 REM 
395 REM INPUT DATA TO BE PLOTTED 
396 REM aaa mew see i 

  

408 FOR [=157: INPUT ACL): NEXT I 
405. FOR Is1s7: INPUT BCI): NEXT I 
416 FOR [21,7: INPUT CCl): NEXT I 
412) FOR 1=147 
414 IF [24 GOTO 418 
496 INPUT DCI) 
418 NEXT I 
419° REM 
429 «=REM PLOTTING SECTION 
421 REM teen nn enone eee 

42S IF N1=1 GOTO 485 
446 CALL (3s 1sT-SsH1)2 CALL (343sTs ACK1)) 
445 CALL (3s 1sT-SsH2): CALL ( 4» lo Ts BCK 1) eL) 
458 CALL (3s 1s T-SsH3): CALL (49 1s Ts CCK 1)9L 1) 
455 CALL (3s 1s T-SsH4): CALL (49 ly Ts DC(K 1)2L.2) 
479° =~ REM 
0 REM STORE LAST DATA SET 
481 REM o-+--------- ee 
4S HISACK1)2H2=BCK 1) sH3=CCK 1) SH 4S DEK 1) 
499° REM 
S@O6 REM TEST FOR END OF RUN 
SO1 REM eocnenasecemecnance 
SO5 NIsNi+1 
S87 T=T+S 
S19 IF N1<=N GOTO 395 
SIS CALL ¢15826.90): PRINT 
Ss?o@ STOP 
899 REM 
908 REM POSITION CURSOR TO OUTPUT A LABEL 
981 REM Peete reste neces = seccce weetecco= 

905 CALL (357,TsY) 
918 CALL (753) 

915 RETURN
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999 REM 
1800 REM INITIALISE GRAPHICS, SET VIRTUAL & SCREEN WINDOWS 1901 REM -—— qna-- Be eam ewan mene e enn necaasasaecn ea sau clue 
19@S CALL (1412859) 
1818 CALL (2s 15 V1, V2. V3, V4): 
1091S CALL (€2s0sS1sS2,S3.S4): 
1826 RETURN 
1°99 REM 
1100 «REM DRAW AXES 
1161 REM eoen----- 
1105 CALL (3s 1s T8,YO> 
1110 CALL (323s T8+T9,YO) 
11S CALL (353s TO+T9sY9+Y9) 
1126 «CALL (353s TO, Y9+Y9) 
1125) CALL (3s 35782 YO) 
113@ RETURN 
1290 END 

SET VIRTUA WINDOW 
SET SCREEN WINDOW



TABLE F-6.1 - DETERMINATION OF EIGENVECTORS 

REM DETERMINATION OF EIGENVECTOR MATRICES 
REM Ssssssss2552555s2225ss=ss55555ses2557 
DIM MC179s VO17)sTC17) 5 RC17)sL. 6179s AC 1725 CC 18s 10)» DC 1Bs 1895 EC 1D» 19) 
DIM FC 18s 20) 
REM 
REM READ PARAMETERS & PHYSICAL DATA 
REM Sep ecet apha pent nn he son ain me parece wee a 
REM VOLUMES - Vv 
READ V1sV2s V3sV4e VS V6 
REM MASSES - W 
READ W1sW2sW3s Was WSs W6 
REM SPECIFIC HEATS - C 
READ ClsC2sCSsC4sL9 
REM AREAS - A 
READ Als A2s A3s Ads AS 
REM LIGUID DENSITY 
READ R1 
REM HEAT TRANSFER CORRELATIONS 
READ L1sM15N1501 
READ L22:M2sN2,02 
READ L3sM3sN3203 
READ L 49M 4sN 4904 
REM DENSITY/PRESSURE CORRELATION = B 
READ B1 
REM SAMPLING INTERVAL - P 
READ P 
T= 
REM 
REM READ INITIAL CONDITIONS» DATE, TIME 
FES are ot pi ama ea Se Rees ee ee as em saan esean 
READ 299Z8sZ7sZésZS50Z4 
FOR 131416 
READ MC1)5VCI), TCI) 
NEXT I 
READ H1 
READ PésP7 
T9=TC 4): GOSUB 1180: PS=P9 
P1=PS: P2=P 6: P3=P7 

  

REM 
REM PRINT TITLES 
REM - aa-- 

PRINT “DETERMINATION OF EIGENVECTOR MATRICES” 
PRINT “sss=2sss2222222sssesesssses2ese2225=2=" 
PRINT : PRINT : PRINT “"DATE"3Z93"/"3Z83 "/"3Z7 
PRINT “TIME™3Z 63 "3 "3Z53 "3 "324 
PRINT : PRINT 

REM e 
REM CALCULATE HEAT TRANSFER COEFFICIENTS 
REM sees ewe cewececceesewweon= cose scossns 
UISL 14M 14 CTC 49-C TC 10+ TC 299/294N 14M ¢ 1940 18 VES) 
U2sL 24M Qe CTOS9=€ TC 294767297 2) 4N 24M ( 2) +0 Se VE 6) 
USSL34M3* CTC 1B)=CTC1S)+TC 14) 2/2) 4NGHMC 1524038 VC 4) 
U4eL 49M ae CTO 112- CTC 1294 TC 132972) +N 4H 12940 eC VE 189+00999 
REM 
REM CALCULATE LATENT HEATS 
REM woneonne meses: <acaeee 
FOR 121516
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21s 
220 
224 
225 
226 
230 
233 
235 
24a 
244 
245 
246 
2s 
ess 
260 
279 
230 
Bi 
Bs 
BS 
7 
o1 
293 
325 
340 
345 
350 
369 
370 
371 
335 
399 
395 
400 
202 
“64 
406 
208 
410 
412 
414 
416 
418 
420 
402 
424 
426 
428 
439 
432 
434 
436 
438 
444 

445 
446 
4a7 

L¢1)=- 2s 4968*T(1)+ 2501-6 
NEXT I 
REM 
REM CALCULATE VAPOUR DENSITIES 
REM Sees ne sence wn waren wenn a. 
FOR I=1216 
IF TC1)<@ GOTO 240 
RCI SEXPC le 9S*LOGC TCI) = 30 148797 1008 
NEXT I 
REM 
REM CALCULATE RATE OF CHANGE OF PRESSURE 
REM mesa neseee nm ceeennnnn. 
D1=¢PS=P1)/P 
D2=¢P6-P2)/P 
D3=(P7T-P3)/P 

  

    

REM 
REM STEADY STATE EQUATION 
REM no 
VE7ISCVC 62*L 6 S5)=MC 29 #C 16 T079=TC2)9d/L 639 
VC3d=VC7) 
MCT) sMCS2=SMC 2)-VC7)=D2eV3eB1 
MC4)=(MC 1)*C1#CTC29=TC1902/L 04) 
VC4)SVC32-MC4)-Dik VO"BI 
VOIISCMC 149 #C 18 TC 149= TC 1522403) * CIC TCBI=TC15))9/7L 615) 
MC IBI=CMC14)*C 18 CTC 149-TC15)29/L6 199404) 
VC 182=MC4)4+VC 4)-M¢ 19)-D3e VSeBI 
MC11ISVC9D+VC 19944610) 
REM 
REM SET UP COEFFICIENTS MATRIX 
REM san es sna weeee— ae enema 
FOR I=8s 6: FOR J=@s6 
C(IsJ=9 
NEXT J: NEXT I 
El=V1*RIAC1+W1*C2 
E2=V2e RC 4)*C 44 W2*C3 
E3=V3*RC7)*C44W3*C2 
E4=VS* RC 18)*C44WS#CS 
ES*V6*"R1*C 1+ 6"C2 
E6=V4eR1*C 1+WaeC2 
ClO» G6 -M¢ 2)*C1-U1*AI/2)/E1 
ClBs 19=(U1* AID /EL 
CC1,0)=CU1*AI/2)7E2 
CO ls 12S 6=VC3#C 1- VCS) *L 94M (4) @L9-U1¥A1D/ ED 
CC 1s 2936 VC3)*C1+ VC 3) *L 99/7 ED 
CCQ, GIS (MC 2)*C1+U2eA2/ 29/7 E3 
Cl Qs 2=C-MC2)#C 1+L 9% (MCS3I-MC 2) U2 A2/29/E3 
COSs 19S(MC 4) C14 VE 4) *CC14L 99/4 
COS3s 3956=M 6 4d *C1= VC 4D # CC 1+L 9D FL 9% CMC 1D) = 6 4) = USRAD/Z ES 
CC3s 5)=(U3*AS/29/E4 
CO as 4930 =MC 12)%C 1-U 4k A4/ 29/7ES 
CCS» 32=(U3*#A3)/E5 
CCS 5)=C-MC 142#C1-US*A3/ 2)9/E6 
Cl Ss 6)=1 
REM 
REM DETERMINATION OF EIGENVALUES & VECTORS 
REM Seenence a een mewn nnn nnn nneenncee weece 
PRINT : PRINT "TIMECSECS)"3T: PRINT "-----------------"



TABLE F-6.1 - continued 

449 
458 
452 
454 
456 
466 
462 
464 
466 
469 
470 
471 
472 
473 
414 
475 
Bo 
Bo 
90 
91 
04 
495 
97 
499 
S81 
soe 
3 
sos 
509 
510 
sis 
seo 
ses 
S29 
530 
S35 
S48 
sas 
549 
S5a 
551 
S60 
S65 
578 
S75 
S80 
3S 
seo 
J] 
638 
68S 
618 
61S 
629 
625 

PRINT 
N1=7 
Fi=3311=290 
Gi=e LE-663 G2s- 1E-92: G3=. 1E-93 
G4=18 
S1=@: S2=1:G5=1 
CALL (SaN 1+ CC Bs G)s DC Gs Bs ECGs Bs Fla 1s Gls G2s G3s Gas GSs Slo SOQ Tle T2011 
IF Tl=1 THEN PRINT "SUB DIAGONAL ELEMENTS TOO LARGE” 
IF T2=1 THEN PRINT “EIGENVALUES TOO CLOSE” 
IF 12>=I1 THEN PRINT "MAXIMUM ITERATIONS EXCEEDED" 
REM 
REM INVERT EIGENVECTOR MATRIX 
REM f= Ses e=s2 == se =e aoe 
E921 
FOR 12@5 6% FOR J=@s 6: ECIsJ)=ECIsJ2* £9: NEXT J: NEXT I 
R=o 
CALL (62 ECGs O)s FC G2B)eN12R) 
IF R=! THEN PRINT "NO INVERSE” 
REM 
REM PRINT OUT SECTION 
REM foe s= ses s= sa = 
PRINT 
PRINT “COEFFICIENTS MATRIX": PRINT 
FOR 120s 6: FOR J=0s6 
PRINT CC(I,J)3: NEXT J 
PRINT : NEXT I 
PRINT 
PRINT “EIGENVALUES™: PRINT 
FOR 1=@6: PRINT DCIs1)32 NEXT I: PRINT 
PRINT 
PRINT "EIGENVECTOR MATRIX“: PRINT 
FOR [20262 FOR J=@s6 
PRINT ECIsJ)3? NEXT J 
PRINT : NEXT I 
PRINT 
PRINT "INVERSE EIGENVECTOR MATRIX": PRINT 
FOR 15@2 6: FOR J=9s6 
PRINT FCIsJ)3: NEXT J 
PRINT : NEXT I: PRINT 
REM 
REM INPUT MEASUREMENTS 
REM eesessesenwesseces 
FOR 120,17 
INPUT Js ACT) 
NEXT I 
Pl=PS: P2=P6: P3=P7 
P6=AC12):P7=AC15) 
T9SAC8): GOSUB 1190: PS=P9 
MC1)9MC225AC17) 
VC 6 2MCSI=AC 18) 
TC3ISAC922 TCBISAC 6D 
TC1d=AC2) 

TCL1)#AC7)2 TC129SACBd2 TC 15). TC 1625 AC 4) 
TC2ISAC3)2 TC 4DSACBIE TE 7ISC AC 64 AL9) 72 
TC14)SAC5)2TC139SAC 122 TE 1622 AC 11) 
TsT+P 
IF T>S9@ THEN STOP
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ee 
908 
901 
904 
985 
969 
9108 
914 
915 
919 
929 
924 
925 
929 
930 
932 
934 
936 
944 

94S 
949 
950 
934 
955 
987 
959 
961 
963 
965 
967 
969 
971 
973 
978 
976 
979 
981 
983 
985 
989 
998 
994 
9°5 
1099 
1196 
1101 
1163 
111g 
11s 
1296 

REM 

188 
DATA 

z v 
+ IS9SE= G2. «7779 E- B2s « 29 1B E~B2s o 39 ATE- G2a- 1SLE=G ls e 6613E-92 

W 
409 1s 220 3G49 8+ 192s 809225 134 4525 14095 

Cc 
4e 18 682 63S 49s 6 4519s 1099-20 4BE8 

ACOUTSI DED 
#39552 6 7233s + 672s Le 1834 6 4081 Se 3- 141597 4 

R1 
985-22 

LoMsNs0 = HeTeCe 
© T21S46E-G s+ 168 1SA4E~ O35 8» 2337 1s 130 6061 
2e 3218 6s-69S23G3E-Gls 7+ 111632 152. 481 
1+ 2967 Ss + 434556E-G15 68141372-92.922 
1+ O11672- 6 S@BSA8E- G2s = 1+ 6421S9-- 292726E-93 

BsP 
+ 607 4E- 82, 19 

DATE & TIME 
22 3277s 11s 3099 

INITIAL CONDITIONS 
+ S73269E-G1s Gs 17+ 4736 
© S73269E-B1s Os 650 1495 
Os «2268 S6E-B1s 7 be 254 
+ 508 48 6E- 02s + 17 6807E-G1s 7 4- 2033 
+ 219S99E-G1s Os 188 
Bs © Q19S99E-B1s 1140927 
© 346413E-G 1s 6 2268 56E-G2, 75-8355 
+ 346413E-O1s Bs 750 4169 
Ose 7617 A4E~ 82s 62.8168 
1158 18E-O1,- 111638E-G81, 71-2933 
+ 39383E-G1s Gs 57-8866 
© 436667» Bs 1508766 
* 4366675 Gs 31+ 6085S 
le 552274 Bs 586 1713 
1e 352275 8s 55-8925 
* 278239E-B1s Os 55-8925 

H 
le 12361 

P6¢12)5P7(15)=PRESSURES 
4408 479s 29+ 68 68 

TEMPERATURE TO PRESSURE SUBROUTINE 

TSs 1-373- 15/¢ 273. 15+T9) 
P9= 151+ 325K EXPCTB*( 136 31SS-TS*C 169 67+ TS#( 644546 1299%T8)))) 
RETURN 
END
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TABLE G-1.1 - THE INITIALISATION PROGRAM - INIT 

C OeL 

C O+k 
C --- 

1886 
1918 
1926 
1630 
1848 
1058 
1868 
1878 
1088 
1696 
1188 
11168 
1198 
12008 
1218 
1226 
1238 
1240 
1258 
1260 
1270 
1286 
2908 
2618 
2926 
2050 
2060 
2078 
2989 
2098 
2188 

c 
C SET 
Cc 

c 
c sto 
c 

«De FePe INITIALISATION PROGRAM - INIT PAGE 1 

oDeFePe INITIALISATION PROGRAM - INIT 

HEADER IN 
COMMON /KALM/XEC7) oXPC7)sY¥C7)2 PEC Ts 7)s RC 7s 7) 5 QC Ts 725 THYC Ts T)3 

1 GAMMAC 7s 7) 5 RKC 7s 14)s RMC 7s 7) 9NoMo Ps 
2 C6737)» GAMNC7T)s WWO7)s FACT 70> 
3 ALPHAs BETAs I THETAsMF 4s Gs CC 
COMMON /MODEL/V15 V2s V3s V4s VSs Vés W1s W2s W3s W4s WSs Wes Cl» C2, C3, C4 

1 Als A2s A3s Ads ASs HA1s HA2s HASs HA42 HB1sHB2s2HB3sHB4s HC 1s HC2,HC3s 
2 HC4sHD1,HD2s,HD3eHD4s Rls BONS» TC 16) WC 16)s VC16)sHs DP 1s DP2s DPS 
3 P12. P15 Uls U2s U3s U4s R4s R79 RID q 
COMMON/ SCAN/INTRs STEPsNCYCL EsNCOUN Ts IPRSTs IPRNTsZ¢ 18)» DC 18) 
EXTERNAL BUFD 
DATA IH 1, IH2s1R1s1R2/ 2HH 1s 2HH 2, $220, $200/ 
DATA LINs IHT/2HINs 2HHT/ 
FORMATC32H OLDFP - TYPE 4 - INITIALISATION/ 1H »31¢ 1H=)/7/) 
FORMATC 40H INTRsNCYCLE,IPRSTs IPRNTs STEP - 41 4s Fée 2) 
FORMATC/17H TEMPSe~ 4¢ 4F7-3/)) 
FORMATC/14H M1sM15-2F 10567) 
FORMATC/15H M11sM12-2F1G- 7) 
FORMATC/9H V6-F1007) 
FORMATC/7H H=-F7« 4) . 
FORMAT(/14H P12sP15-2F8- 4) 
FORMATC/9H PE=-7F9- 4) 
FORMATC/8H @-7F9+ 4) 
FORMATC/8H Re 6F8-« 6) 
FORMATC//2SH **** READY TO START ****) 
FORMATC/1H » 41 4s F6e 2) 
FORMATC/4C 1H » 4F7-3/)) 
FORMATC/1H » 2F 18-7) 
FORMATC/1H » F7+ 4) 
FORMATC/1H » 2F8- 4) 
FORMATC/1H + 7F9+ 4) 
FORMATC/1H » 6F8- 6) 
FORMATC/34H ALPHAs BETA, ITHETAsMF4 - 2F7- 42212) 
FORMATC/1H » 2F7« 4s 212) 
FORMATC/12H F4-213 NOesI3) 
FORMATC 4I 4s F602) 
FORMATC 4€ 4F7- 3/)) 
FORMATC 2F 196 7) 
FORMATC F7. 4) 
FORMATC 2F8- 4) 
FORMATC7F9+° 4) 
FORMATC 6F8+ 6) 
FORMATC 2F7- 45 212) 
FORMATC 213) 
WRITEC 1s 1900) 

UP COMMON BLOCK SCAN 

WRITEC 1s 1919) 
READC ls 2068) INTRsNCYCLE, IPRSTs IPRNTs STEP 
WRITEC 151198) INTRsNCYCLEs IPRSTs IPRNTs STEP 
NCOUNT=1 

RE COUNTER PRESET VALUE



TABLE G-1.1 - continued 

C Oke 

c 

De FeP. INITIALISATION PROGRAM - INIT 

CALL ISTORECLOC( BUFD)+3,1PRST) 

C STEADY STATE DATA 
c 

C SET 

198 

WRITEC 1s 1920) 
READC ls 2018)¢TC1)s1=15 16) 
WRITEC 1s 1208) (TCI), 1=1516) 
WRI TEC 1s 1838) 
READC ls 2620) WC 1), WC15) 
WRITEC 151210) WC1)sWC15) 
WRITEC 1» 1048) 
READC 1s 2820) WC11), WC 12) 
WRITEC 1s 1210) WC11),WC12) 
WRI TEC 12 1958) 
READC 1, 2020) VC 6) 
WRITEC 1s 1210) VC 6) 
WRI TEC 1s 1068) 
READ( 1, 2056) H 
WRITEC 1, 1226) H 
WRI TEC ls 1878) 
READC 1s 2960) P12,P15 
WRITEC 1, 1230) P12sP15 
WC2)=Wwe 1) 
WC 14)=WC15) 
WO13).=WC12) 
wWCSd=VC 6) 
DP 1=8- 
DP2=8- 
DP3=@- 

UP COMMON BLOCK KALM 

P= FLOATCINTR) 
N=7 
M=6 

DO 18@ I=1s5N 
DO 188 J=15N 
PECIsJ)=@- 
RCIs J=B0 
QCIsJ)=00 
RMCIsJ)=06 
XPCI)=B- 
CON TINUE 
WRITEC 1» 1080) 
READC 1s 2070) (PECIs 1)» T= 1sN) 
WRITEC 1s 1240) (PECIs1)s1=1,N) 
WRITEC ls 19908) 
READC 1s 20780) ( OCI» 1), 1=15N) 
WRITEC 1, 1240) (QCIs1)s1=15N) 
WRITEC 1s 1108) 
READC 1s 2088) (RCI21)s T= 19M) 
WRITEC1, 1250) CRCIs1)s1=15™) 
RMC1s 1)=16 
RM C22 2)= 16 
RMC3s 30=1- 
RMC 4s SD=16 
RMCSs 6)= 16 

PAGE
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C OeLeDeFePe INITIALISATION PROGRAM - INIT 

11S RMC 62 7) = 1e 
116 XEC1)=TC2) 
117 XEC2)=TC 4) 
118 XEC3)=TC(7) 
119 XEC4)=TC 18) 
128 XEC5)=TC13) 
121 XEC6)=TC14) 
122 XEC7)=H 
123 C 
124 C SET UP ADAPTIVE SECTION OF COMMON/K ALM/ 

125 C 
126 DO 160 I=1sN 
127 DO 158 J=15N 
128 CCIsJ)=0- 
129 FACIsJ)=06 
136 15@ CONTINUE 
131 CCIs1)=1- 
132 WWCI)=@6 
133 GAMCI)=06 
134 168 CONTINUE 
135 G=@- 
136 CC=0- 
137 WRITEC 1s 1268) 
138 READ(C 1s 2090) ALPHAs BETAs I THETAsMF4 
139 WRITEC 1s 1270) ALPHAs BETAs ITHETAsMF4 
148 DO 170 I=1sMF4 
141 WRITEC 1, 1280) I 
142 READC 1s 2180) I1sJJ 
143 FAaCIIsJJ=1~ 
144 178 CONTINUE 
145 C 
146 C PREPARE TO START 
147 C 
148 CALL ISTOREC: 11373, 1IN) 
149 =0 
158 A @SSM 
151 IDIGO= 
1s2 CALL ISTORECLOC(BUFD)+15I1DI GO) 
153 REQUEST IH@CIR2)s+ 360 
154 WAIT 
150 200 WRITEC 1s 1116) 
156 218 REQUEST IHICIRI1]s5>360 
157 WAIT 
158 226 IDIGI=I FETCH(LOCC BUFD)) 
159 IFCIDIGI-«LT- 16384) GOTO 2190 
168 IDEL=10 
161 CALL ISTOREC: 11373, IHT) 
162 CONNECT CLOCK IHTCIDELs INTRI» 2s 308 
163 TERMINATE 
164 C 
165 C ERROR EXIT 
166 C 
167 306 PRINT ERROR LIN(C:3680) 
168 TERMINATE 
169 END 
170 $0 @ 

1D OF JOB 

PAGE



W
N
A
K
A
U
B
U
W
Y
N
—
 

22 
23 
24 
23 
26 

TABLE G-2.1 - THE FILTERING PROGRAM - FILTER 

C O«LeDeFeP MAIN PROGRAM - FILTER PAGE 1 

c 
c 

a
a
a
 

> 
a
a
a
 

a
a
a
 

a
a
a
 

OoL 

1901 
1818 
1828 
1936 
1848 
1950 

1060 
1878 
1089 

DIG 

«De FeP MAIN PROGRAM - FILTER 

HEADER HT 
COMMON /MO DEL / V15 V2s V3s V4s VSs Vbs W1s W2s WSs W4s WSs W6s C1» C2, C3,C4 

1 Als A2s A3s A4s AS» HA1s HA2s HASs HA4s HB 1s HB2s HB3s HB 4s HC lo HC2s HCSs 
2 HC4sHD1,HD2sHD3sHD 4s Rls BONS» TC 16)5 WC 16)s VC 16)2Hs DP 1s DP2s DPS 
3 P12. P15» U1s U2s U3s U4s R4s R7s RID 
COMMON /SCAN/ INTR»s STEPsNCYCL Es NCOUN Ts IPRSTs IPRNT» CC 18)5DC 18) 
COMMON /K ALM/XEC7)sXPC7)2Y C7)» PEC Ts 7) 5 RC 72 7) 2 QC 7s 72s THYC 797) 

1 GAMMAC 7s 7) 5 RKC 7s 1425 RMAC 7s 7) 9NoMs Po 
2 20797) 2 GAMC7) 9 WWO7)s FAC 7T2 T)0 
3 ALPHAs BETAs I THETAsMF 4s Gs CC 
DIMENSION AC30)sIPC5) 
EXTERNAL BUFD 
DATA IH1s IH2s IH3s 1H 4s [H 6s [LH Ts I PP/ HH 1s QHH 2s OHH 3s 2HH 4s OHH 6s 2H 

1 QHPP/ 
DATA IR1ts1R2s 1 R31 R4s I RSs 1R6/ $880. $1902 $5085 $2602 $9 10s $300/ 
DATA IPC1)s1PC2)s1PC3)s TPC 4)s IPC 5)/ QHHTs $7202 $908s 54. A/ 
FORMATC2SH OLDFP - TYPE 4 - RUNNING/IH » 24¢ 1H=)//) 
FORMATC 1H » 7¢ F9« 49 1X)) 
FORMATC 1H » 30 F9e ds 1X)» 10Xs BC F9e 4s 1X7) 
FORMATC 1H » 7€ F9e Ss 1X)) 
FORMATC32H *#*** HT DISCONNECTED FROM CLOCK) 
FORMATC/18H NUMBER OF CYCLES=sI 4s 4X, 

1 22H CHARACTERS PER CYCLE=s1 4) 
FORMATC(//9H SCAN NOes 1Xs14/5H TIMEs 1X2 12s lHe» 12s 1He s 12/7) 
FORMTAC/19H MODEL ERROR VECTOR//7F9+ 6//) 
FORMATC//3H G=s Fide 6) 

ITAL OUTPUT 

=NCOUNT 
@SSM 
IDIGO= 
CALL ISTORECLOCC BUFD)+1,I1DI GO) 
REQUEST IH2CIR2)55 1800 
WAIT 

CONNECT COUNTER INTERRUPT 

168 

200 

REQUEST IH4CIR41s5 1900 
WAIT 
CONNECT INTERRUPT HSC 18]s 1900 
TIM 1=FLOATC I FETCH(LOC( BUFD) + 4) )+5@6*¢ FLOATC I FETCH(LOC( BUFD) 

1 +5))+60-*¢ FLOATCI FETCH(LOCC( BUFD) + 6) )+60-* FLOATC I FETCHC 
2 LOCCBUFD)+7)))) 

ANALOGUE INPUT 

REA 

3608 

REQUEST IH6CIR6]s» 1900 
WAIT 

D TIME 

IHRS=1 FETCH(LOCC BUFD) +7) 
IMIN=I FETCH(LOC(C BUFD) + 6)



189 

114 

BLE G-2.1 = continued TA 

C OoL.DeFeP MAIN PROGRAM - FILTER PAGE 2 

ISEC=1I FETCH(LOCC¢ BUFD) +5) 

C ANALOGUE DATA PROCESSING 

400 

C SET 

c 
C GET 
c 

506 

S19 
520 

538 
540 

c 
C SET 
c 

DO 460 1=1516 
ACII=ACID*DCID4+CCID 

UP DYNAMIC MODEL INPUTS - TsWsV 

TC1=AC3) 
TC3=AC 18) 
TCBI=AC7) 
TCL1IDSACB) 
TC129=AC1) 
TC15)=ACS) 
VC 6)=AC11) 
WCSdSAC 11) 
T= 16-3730 15/6 2730 15+ AC9)) 
AP 4= 101¢ 325* EXPC T 4k 1306 3185- T4*C 169 67+ T4*( Be 6645+ G0 1299%T 4) ) 

1.9) 
IFCNCOUNT. EQ. 1) P4=AP4 
DP1=(AP4-P4)/P 
DP2=(AC 12)-P12)7P 
DP3=¢€AC15)-P15)/P 
P12=AC 12) 
P1S2AC15) 
P4=AP4 

COUNTER FREQUENCY 

TIM 2=FLOATCI FETCH(CLOC( BUFD) +8) ) + Sd. *¢ FLOATC I FETCHCLOC¢ BUF D> 
1 #9))+600*¢ FLOATCI FETCH(LOCC BUFD)+ 18) + 60-* FLOATC I FETCH¢ 
2 LOCC BUFD)+11)))) 
DISCONNECT INTERRUPT 18 
IFCTIM1eLT-TIM2) GOTO 510 
REQUEST IH3CIR31s» 1006. 
WAIT 
TIM 2= FLOATC I FETCH(LOCC BUFD) + 4) )+ SQ. *¢ FLOAT I FETCHCLOCC BUFD) 

1 +5))+60-*¢ FLOATCI FETCH(LOCC BUFD) + 6) )+ 606 * FLOATCI FETCHCLOC 
2 ¢BUFD)+7)))> 
IVAL=I FETCH(LOC( BUFD) +2) 
GOTO S26 
IVAL=127 
IFCABSC TIM2-TIM 1) +L Te Ge 898G1) GOTO 538 
AC 18)=5Ge* FLOATCI VAL~IPRST)/¢ TIM2-TIM 1) 
GOTO 540 
AC 18)=1960000- 
AC18)=AC 18) *DC 18)+CC 18) 
WC 1)=AC18) 
WC 2)=AC 18) 

UP MEASUREMENT VECTOR - Y 

YC1=AC 4) 
Y¥C2SAC9) 
YC32=CAC1B)4+AC7)I7 20 
YC 4)=AC 2)



115 
116 
117 
118 
119 
128 
121 
122 
123 
124 
125 
126 
127 
128 
129 
1390 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 

148 
149 
150 
151 
152 
153 
154 
155 
156 
157 

159 
168 
161 
162 
163 
164 
165 
166 
167 
168 
169 
178 
171 

a
a
a
 

a
a
a
 

a
a
a
 

TABLE G-2.1 - continued 

OeL+DeFeP MAIN PROGRAM - FILTER PAGE 

YCS)=AC 6) 
Y¥C6)=AC 12) 

ESTIMATION 

IFCNCOUNT-EQe 1) GOTO 666 
AL PHA= 1e / FLOAT(CNCOUNT) 
IFCALPHA+LE+ALPAH1) ALPHA=ALPHAIL 
CALL ADAPT 
GOTO 618 

600 ALPHA1=ALPHA 
DO 695 I=15M 
RKCI, 1)=YCI) 

695 CONTINUE 

OUTPUTC ASR) 

WRITEC 1s 1901) 
619 WRI TEC ls 1968) 

WRITEC 1s 1018) 
WRI TEC 1s 1019) 
WRITEC ls 1920) 
WRI TEC 1s 1830) 

NCOUN Ts IHRSs IMINs TSEC 
(XECTI)s T= 15N) 
CXPCI)s T= 1sN) 
CYCIDs T= 15M) 
CPECIs1)51=15N) 

    

OUTPUTCHSP) 

IFCIPRNT-NE-1) GOTO 728 
DO 768 I=1sN 
ACID=XECI> 
IPN=I+N 
ACI PN)=XPCI) 
IP2N=1+2*N 
ACIP2N)=PECIs1) 
IFCI+¢GTeM) GOTO 7288 
IP3N=1+34N 
ACIP3N)=YC1I) 

708 CONTINUE 
REQUEST IPPCIPI.s»s 1000 
WAIT 

PREDICTION 

729 CALL PREDIC 

STATE TRANSITION MATRIX 

CALL TRANS 

DIGITAL INPUT 

REQUEST IHICIR1IJss 1000 
WALT 

806 IDIGI=I FETCHC(LOCC BUFD)> 
IFCIDIGI-LT-@) GOTO 986 

TEST FOR END OF RUN



172 
173 
174 
175 
176 
177 
178 
179 
188 
181 
182 
183 
184 
185 
186 
187 
188 
189 
198 
191 
192 
193 
194 
195 
196 

TABLE G-2.1 - continued 

C OL 

916 

920 
c 
C ERR 
c 
1960 

1011 

$6 

«De FeP MAIN PROGRAM - FILTER PAGE 

NCOUNT=NCOUNT+1 
IFCNCOUNTeGTeNCYCLE) GOTO 980 
TERMINATE 

OF RUN 

IDIGO=0 
CALL ISTORECLOCC BUFD)+ 1s I1DIGO) 
REQUEST IH2CIRS]s. 1900 
WAIT 
DISCONNECT CLOCK IHTE£2]5 1011 
WRITEC 1» 1940) 
WRITEC 1s 1670) CWWCI)» T= 19M) 
WRITEC 1, 1989) G 
WRITEC 15 1850) NCOUNTs IPC 4) 
TERMINATE 

OR EXIT 

PRINT ERROR IHT(:3190) 
GOTO 9608 
PRINT ERROR IHTC231181 
GOTO 920 
END 

e
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TABLE G-3.1 - SUBROUTINE KALMAN 

SUBROUTINE KALMAN PAGE Z 

SUBROUTINE KALMAN 

SUBROUTINE KALMAN IS THE “EXTENDED” VERSION OF THE 
RECURSIVE DIGITAL FILTER 

Q
a
a
a
 

COMMON /K ALM/XEC 7) XPC7) 2 ¥€7)s PEC Ts 7) RC 7s 7) 5 OC 7s 799 THYC 7s 7) 
1» GAMMAC 7s 7)» RKC 7s 7) 2 RMC 7s 7)9NeNMo P 
DIMENSION BC757)»BiC7s 14) 
REAL I1,s11 
LOGICAL RR 

1968 FORMATC///28H **** INVERSION ERROR KALMAN) 
I=1 
Il=-1- 
Ti=1. 

C ERROR COVARIANCE MATRIX FOR PREDICTIONS 

CALL MATMULCTHYs PEs BsNsNoN) 
CALL MATRAPCTHYs BlsNsN) 
CALL MATMULC Bs Bls PEsNsNoN) 
CALL MATMUL(GAMMAs Qs BsNsNsN) 
CALL MATRAP( GAMMA, BlsNsN) 
CALL MATMUL (Bs Bls RKsNsNsN) 
CALL MATADDC(PEs RKs PEsNsNs I 1s1 1) 

FILTER GAIN 

a
a
a
 

CALL MATMUL CRM» PEs BlsNMsNsN? 
CALL MATRAPC RMs THYsNMsN) 
CALL MATMUL(B1s THY» BsNMoNoNM) 
CALL MATADDCBs Rs BsNMsNMoI ts 11) 
CALL MATINV(¢ Bs B1sNMs RR» DET) 
IFCRR) GOTO 270 
CALL MATMUL (PEs THYs BsNsNsNM)> 
CALL MATMUL( Bs Bls RKsNsNMsNM) 

ESTIMATION 

a
a
a
 

CALL MATMUL(RMsXPs BsNMsNo I) 
CALL MATADDC Bs Ys BsNMs Is IIo1 1) 
CALL MATMUL( RK» Bs XEsNsNMs 1) 
CALL’ MATADD(XEs XP» XEsNs Is 11911) 
DO 20 12=1sN 
DO 19 J=1sN 

19 BCJs1T2)=- 
26 BCI2,12)=1- 

ERROR COVARIANCE MATRIX FOR ESTIMATES 

a
a
a
 

CALL MATMUL(RK» RM» BlsNsNMoN) 
CALL MATADDCBl»s Bs BsNs No IIs 1 1) 
CALL MATMUL (Bs PEs THYsNsNsN) 
CALL MATRAPCBs BlsNsN) 
CALL MATMUL( THY» Bl» Bs Ns NsN) 
CALL MATMUL( RK» Rs THYsNsNMsNM) 
CALL MATRAPC RKs BlsNsNM) 
CALL MATMUL¢( THY» Bis PEsNsNMsN)



TABLE G-3.1 - continued 

SUBROUTINE KALMAN 

38 CALL MATADD(C Bs PEs PEsNsNo Ils 11) 
s9 RETURN 
60 276 WRITEC 1s 1808) 
61 TERMINATE 
62 END 
63 $8 e 

PAGE
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TABLE G-4.1 - SUBROUTINE ADAPT 

SUBROUTINE ADAPT PAGE 

SUBROUTINE ADAPT 

SUBROUTINE ADAPT IS AN ADAPTIVE FORM OF THE EXTENDED 

a
a
a
a
 

COMMON /K ALM/XEC 7) XPC7) 5 YC7) 5 PC 7s 7) 5 RCTs 7)» QC 7s 7) 5 THYC 7s 7) 9 
1 GAMMAC 7s 7)» RKC 7s 14) 5 RMC 7s 7) sNsMes RIN TRe 
2 C6Ts7)sGAMC 72 WO7)s FAC 79 7) 
3 ALPHAs BETAs I THETAsMF 4s Gs CC 
COMMON/ SCAN/IN TR» STEPsNCYCL EsNCOUNTs I PRST» I PRNT»Z¢ 18)» D¢ 18) 
DIMENSION AC7s7)5BC7s 14)2Y107)sW1C7) 
LOGICAL RR 

1966 FORMATC////31H **** INVERSION ERROR - ADAPT-W//1H » 
1 6€ 6CF8e 49 1X)7)) 

1918 FORMATC////31H **** INVERSION ERROR - ADAPT-K) 
c 
C CALCULATE INITIAL VALUE OF Y-RM*XPsY1 
c 

RON E= te 
IONE=1 
RMON E=- le 
RHL F=8-5 
RMHL F=-@-5 
IFCNCOUNT-GT-2) GOTO 188 
CALL MATMUL( RMs XEs AsMsN» IONE) 
CALL MATADDC As RK» Y 1sMs LON Es RMHL Fs RHLF) 
BETA1=1--BETA 

c 
C CALCULATION OF THE COVARIANCE MATRIX OF THE PREDICTIONS, P 
c 

100 CALL MATMUL¢( THYs Ps RKsNsNsN) 
CALL MATRAPC THY» AsNsN) 
CALL MATMUL( RK» As PsNaNsN)d 
CALL MATMUL (GAMMAs Qs RKsNsNoN) 
CALL MATRAP(GAMMAs BsNsN) 
CALL MATMULCRK> Bs AsNsNoN) 
CALL MATADDCPs As PsNsNz» RON Es RONED 
CALL MATMUL( THY» Cs Bs Ns NaN) 
CALL MATADDC Ps Bs PsN»N» RON Es RONED 
CALL MATRAPCCs BsNsN) 
CALL MATMUL( Bs As RKsNsNsN) 
CALL MATADDCPs RK» PsNsN» RON Es RONED 
CALL MATMUL(GAMMAs F 4s AsNoNsM) 
CALL MATRAPCAs RKsNsM) 
CALL MATMUL(As RK» BeNsMsN) 
DO 150 I=1sN 
DO 158 J=1.N 

158 BCIsJ=BCIsJ)*CC 
CALL MATADDC Ps Bs PsNs Ns RON Es RONE) 

c 
C CALCULATION OF THE DISTURBANCE MATRIX OF THE PREDICTIONS. C 
Cc 

CALL MATMULC THY» Cs AsNs NaN) 
CALL MATADDC As Bs CsNs Ns RONEs RONED 

c 
C CALCULATION OF THE RESIDUALS VECTORs GAMMAs 
Cc & THE ESTIMATE OF THE TRACE OF THE COVARIANCE MATRIX 

KALMAN FILTER DEVELOPED BY ReNEWMAN AT ASTON UNIVERSITY.



TABLE G-4.1 - continued 

SUBROUTINE ADAPT : PAGE 

ss Cc OF THE RESIDUALSsG 
s9 Cc 
68 CALL MATMUL( RMsXPs AsMsNs IONE) 
é1 CALL MATADDCY» As AsMs IONEs RHL Fs RMHL F) 
62 CALL MATRAPC As Bs Ms LONE) 
63 CALL MATMUL (Bs As RKs IONEs Ms IONE) 
64 G 1=RKCIONEs IONE) 
65 CALL MATADDCY 1s As Bs Ms LONEs RON Es RONE) 
66 CALL MATADDC Bs GAMs GAMsMs LONEs BETAs BETA1) 
67 CALL MATRAPCY 1s Bs Ms IONE) 
68 CALL MATMUL(BsY ls RK» IONEs Ms IONE) 
69 G 1=G1+RKCIONEs IONE) 
78 G=G+ ALPHA*(G1-G) 
7 DO 256 I=15M 
72 258 Y1CI)=ACIs IONE) 
73C 
74 C CALCULATION OF MODEL ERRORS VECTOR» W 
7m C 
76 CALL MATMUL( RM» GAMMAs AsMs NaN) 
7 CALL MATMUL CAs F4s BsMa NoM) 
18 CALL MATRAPC Bs AsMoM) 
19 CALL MATMUL (Bs As RKsMsMsM) 
88 TR1=0- 
81 DO 200 I=1.mM 
se 260 TR1I=TRI+RKCIs1) 
83 CALL MATMUL CAs Bs RK» Mo MoM) 
84 CALL MATINVC¢ RKs BeMF 4s RRs DET) 
85 IFCRR) GOTO 270 
86 CALL MATMUL (Bs As RKa MF 4sMF 42M) 
87 CALL MATMULCRK»s GAMs W1sMF4sMs IONE) 
88 203 IFCCNCOUNT/ITHETA)*I THETAsNEeNCOUNT) GOTO 2985 
89 CALL MATADD( Ws W1s WsMs IONEs RON Es RONED 
90 C 
91 C CALCULATION OF THE COMMON DIAGONAL ELEMENT OF THE COVARIANCE 
92 C MATRIX OF THE MODEL ERRORS» CC 
93 C 
94 205 CALL MATMUL CRMs Ps AsMsNsN) 
oS CALL MATRAPCRMs BsMsN) 
96 CALL MATMUL (As Bs RK» Ms NoM) 
97 CALL MATADDC RK» Rs AsMoMs RONEs RONE)D 
98 TR2=B6 
99 DO 216 I=1sM 

108 218 TR2=TRE+ACIs1) 
181 CC1=(G-TR2)/TR1 
182 CC=CC+CC1 
183 IFCCCeLTeB-) CC=O- 
104 C 
18S C CALCULATION OF FILTER GAIN» RK 
196 C 
107 CALL MATINVC As RKs Ms RRs DET) 
108 IFCRR) GOTO 2808 
199 CALL MATMUL (Bs RKs AsNs MoM) 
116 CALL MATMUL (Ps As RKsNoNoM) 
111 C 
112 C CALCULATION OF ESTIMATED STATE VECTOR» XE 
113 C 
114 CALL MATMUL CRMs XPs AsMsNs IONE)



115 
116 
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119 
128 
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122 
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124 
125 
126 
127 
128 
129 
138 
131 
132 
133 
134 
135 
136 
137 
138 
139 
146 
141 
142 
143 
144 

145 
146 
147 
148 

TABLE G-4.1 - continued 

SUBROUTINE ADAPT PAGE 

CALL 
CALL 
CALL 

c 

MATADDCY>» As AsMs LON Es RONEs RMONE) 
MATMUL ( RK» As By No Ms IONE) 
MATADDCXPs Bs XEsN» LON Es RONEs RONED 

C CALCULATION OF THE COVARIANCE MATRIX OF THE ESTIMATES» Ps 
c & THE DISTURBANCE MATRIX OF THE ESTIMATES, C 
Cc 

CALL MATMUL € RK» RMs AsNoMsN) 
DO 248 I=1sN 
DO 236 J=1sN 

2380 ACIsJ=-ACIS J) 
240 ACIS TII=AACIs 1) +16 

CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 

c 
C NORMAL & 
c 

MATRAPC As BsNoN) 
MATMUL (As Ps THY sNoNsN) 
MATMUL ¢ THY » Bs PsNs NaN) 
MATMUL ¢ As Cs THYsNa NaN) 
MATMUL ( THY» Bs CoNo NN) 
MATMUL ¢ RK» Rs As No MoM) 
MATRAPC RK» BsNaM) 
MATMUL ¢ As Bs THY sNaMoN) 
MATADDC¢ Ps THY» PsN»No» RON Es RONE) 
MATADD¢ Cys THYs CoNs No» RON Es RONE) 

ERROR EXITS 

RETURN 
270 WRITEC 1s 1000) (CRKCI1sJ)2J=1eMF4),1= 19M F 4) 

DO 275 I=1sM 
275 weld= 

GOTO 
Be. 
283 

286 WRITEC 1s 1016) 
TERMINATE 
END 

$8 e
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TABLE G-5.1 - SUBROUTINE PREDIC 

SUBROUTINE PREDIC PAGE 1 

SUBROUTINE PREDIC 

C CALCULATION OF PREDICTED STATE BY RK4 INTEGRATION 
c 

c 

COMMON /K ALM/X EC 7) 5 XPC7) 2 YC 7) PEC Ts 7) RC Ts 7) s QC 7s 7)» THYC Ts 7) 
1 GAMMAC 7s 7) RKC 7s 14) 9 RNC 7s 7) 9NoMs Ps 
2 Z67s7)sGAMNC7) 5 WWO7)s FACT. 7) 
3 ALPHAs BETAsI THETAs MF 4s Gs CC 
COMMON /MODEL/ V1s V2s V3s V4s VSs V6s W1s W2s W3s W4s WSs W6s Cl» C2, C3, C4 

1 Als A2s A3s Ads ASsHA1s HA2s HA3s HA4s HB 1s HB22HB3sHB4sHC1,HC2,HC3, 
2 HC4,HD1sHD2sHD3s HD 4s Rls BONS» TC 16)5 WC 16)5 V0 16) 2H» DP 1s DP2s DPS 
3 P12 P15. U1s U2s U3s U de R4s R79 RID 
COMMON/ SCAN/INTRs STEPsNCYCL EsNCOUN Ts IPRSTs IPRNTs cc 18).D¢ 18) 
DIMENSION DX(€7)»XAC7)s DXAC7)»s EC 72s ACT) 
REAL L 
LOGICAL FLAG 
DATA RVAP/@- 112/ 
LC T2)=- 2- 49 68* T2+ 2581-6 
RVC T3)=EXPC 16 93* ALOGC T3)= 30 148797 19006 

1908 FORMATC//7H NSTEP=s15) 
1938 FORMATC//SH XP2=s F18- 5) 
1940 FORMATC//SH XP3=s F10- 5) 
1858 FORMATC//SH XP4=s F186 5) 

C INITIALISATION 
c 

c 

JS4=9 
NSTEP1=6 
PLAG=e FAL SEe 
NSTEP=INTC FLOATCINTR) /STEP+@- 5) 
WRITEC 1s 1990) NSTEP 
Ti=@. 

DO 16 I=1sN 
XPCI)=XECI) 
KACID=B6 
DXACT)=B6 

18 CONTINUE 
IONE=1 
RON E= le 

28 JS4=JS4+1 
IFCJS4eEQe5) GOTO 406 

C CALCULATE HEAT TRANSFER COEFFICIENTS 
c 

c 

U1=HAI+HB1*CXPC 29-€ TC 12+XPC 192/20 FHC 1¥ WC 1D 4HD1* VC) 
U2=HA2+HB2* (TC 5) = CX PC 194+XPC3) 7 Se +HCO* WC 2)+HDE* VC 6) 
US=HA3+HB3* (XPC 4)=CXPC 69+TC15)9/72e )+HC3* WC 15) +HD3* VC 4) 
U4sHA4FHB4*( TC 119-0 TC 1294+XPC S297 2 +HC 4 WC 12) 4+HD4eC VC 18) 

1 +VC9)) 

C CALCULATE VAPOUR DENSITIES 
c 

IFCXPC2)-LEe@.) GOTO 35 
R4= RVCXPC2)) 
GOTO 49 

35 R4=RVAP 
WRITEC 1s 1830) XPC 2)



114 

c 
c 
c 

c 
c 
c 

a
a
a
 

a
a
a
 

TABLE G-5.1 - continued 

SUBROUTINE PREDIC PAGE 

40 IFCXPC3)-LE«@-) GOTO 45 
R7=RVCXPC3)) 
GOTO S@ 

45 R7=RVAP 
WRITEC 1, 1648) XPC 4) 

S@ IFCXPC4)+LE+@-) GOTO SS 
R1@=RVCXPC4)) 

GOTO 60 
55 R10=RVAP 

WRITEC 1s 1858) XPC 4) 

STEADY STATE EQUATIONS 

6B VEO7TI=CVC ED*#L CTC 5) DWC 2) *C 1* CXPC3)-XPC 129 /L CXPC3)) 
VC3d=VC7) 
WC7)2WC2)-VC7)=-DP2* V3" BONS 
WCS=WC7) 
WC 4d=CWC LDC I*CXPC 10° TC 1) /LOXPC2)) 
VC 4)3VC3)-WC 4)-DP 1* V2eBCNS 
VC9DBCWC LADHC 1* CXPC 62=TC1S) + WCB I*CI*C TCS I= TC15)29/L0OTC15)) 
WC 1Bd=CWC 14)#C1* CXPC 69-TC15)) SL CXPC 4) + WC 4D 
VC 1B)=WC 4)4+VC 4)-WC 18)-DP3* VSeBCNS 
WCL1I=SVC9D+WC 1894 VC 16) 

DIFFERENTIAL EQUATIONS 

DXC1=CWCO 1D *C 18 CTC 12=XPC1) UL AL#CXPC2)-CXPC1D4+TC 10) 
1 /20))/CViI*¥R1I*C14+W1*C2) 
DXC2)=CVC32#C1#CTC3)-XPC2) + VC 3)* (LC TC 3) -LCXPC2)) + 

1 WC 4)*#LCXPC 2) -UI#A1* CXPC2)-CXPC194#TC 199/209) 
2 CW2*C3+ V2" R4eC 4) 
DX€3)=CWC2)#C 1# CXPC 2) -XPC3) +L CXPC3) #C WCB) = WC 2) 2 *UDK AD 

1 *CTC5S)-CXPC3)+XPC2) 7207 C W3*C2+ V3" R7*C 4) 
DX¢€ 4)=CWC 4)*C 18 CX PC 2)=-XPC 4) + VC 4) #C 1 CXPC2D-XPC 4) 4+ VC 4D * 

1 CL CXPC2)-LCXPC 4) ) +L CXPC 4) *C WC 1B) = WC 4) = US* AS* CXPC 4) ~ 
2 CXPC624TC15)9720)9/7C WS C34 VS* R1B*C 4) 
DXCS2=CWC12)*C1*¢ TC 12)9-KXPC5)+U ae Ade TC 11)-CXPC5)+TC12)) 

1 720d) /CV6#R1I*C 14+ W6*C2) 
DX¢ 6) 2C WC 14)*C1*C TC 15)-XPC 6) +U3* AS* CXPC4)=CXPC6)+TC15)) 

1 720) /CV4*R1*C14+W4*C2) 
DXC7>=CWCBI-VCID IS CASHRID 

CALCULATE LOSS TERMS 

IFCNCOUNT+NE+ 1¢ORe FLAG) GOTO 119 
DO 160 I=15N 
ECI)=Dx¢1) 

196 CONTINUE 
FLAG=+- TRUEs 

118 DO 129 I=1sN 
DX CI)=DXCID- ECT) 

128 CONTINUE 

INTEGRATE INDEPENDENT VARIABLE 

IFC JS4eEQ-1) GOTO 202 
IFCJS4¢EQ-3) GOTO 204



TABLE G-5.1 - continued 

1s 

SUBROUTINE PREDIC PAGE 

GOTO 360 
116 202 DT=STEP/2- 
117 
118 

Ti=T1+DT 
GOTO 380 

119 204 T1=T1+DT 
120 C 
121 C INTEGRATE DEPENDENT VARIABLES 
122 C 
123 308 CALL MATMUL( F4s WWs AsNoMs IONE) 
124 
125 
126 
127 304 
128 
129 
138 
131 305 
132 
133 306 
134 367 
135 
136 308 
137 
138 318 
139 
148 C 

CALL MATADDC DX» As DXsNs IONEs RONEs RONED 
DO 319 I=1sN 
GOTOC 304s 305s 36 6 308)» JS4 
XACI)=XPCI) 
DXACI)=DXC1I) 
XPCI)=XPCI)*DXCID*DT 
GOTO 318 
DXACI)=DXACI)+20*DXC1) 
GOTO 367 
DXACI)=DXACI)+2.*DXC1) 
XPCI)=XACID+DXC1)*DT 
GOTO 316 
DXACI)=( DXACI)4#DXC1) 97 be 
XPCI)=XACL)+DXACI)* STEP 
CON TINUE 
GOTO 20 

141 C TEST FOR END OF PREDICTION INTERVAL 
142 C 
143 400 NSTEPISNSTEP1+1 
144 
145 
146 
147 
148 $6 

|D OF JOB 

IFCNSTEP1-EQ-NSTEP) RETURN 
JS4=9 
GOTO 26 
END
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SUBROUTINE TRANS PAGE 1 

SUBROUTINE TRANS 

CULATION OF THE STATE TRANSITION MATRIX USING 
A TRUNCATED TAYLOR SERIES 

COMMON /K ALM/X EC 7)5XPC7)9 YC 7)s PEC Ts 7) RC 7s 7) 2 QC 7s 72s THYC 7s 79 
1 GAMMACTs 7) 2 RKC 7s 14)2 RM C72 7) sNaMo» Po 
2 CCTs 7)» GAMC7) 5 WWO7)s FACT. 70s 
3 ALPHA» BETAs I THETAs MF 4s Gs CC 
COMMON /MODEL/V 1s V2s V3s V.4s VSs Vbs W1s W2s W3s W4s WSs W6s Cle C2, C3, C4 

1 Als A2s A3s Ads AS» HAs HA2s HA3s HA4s HB 1s HB2s HB3s HB 4s HC ts HC2,HC3, 
2 HC4,HD1,HD2,HD3sHD 4s Rl» BONS» TC 16)s WC 16) VC 16)sHs DP 1s DP2s DPS 
3 P12sP15sU1s U2s U3 U4s R4p R7s RIB 
REAL L 

TIALISATION 

L=-2- 4068 
DO 20 I=15N 
DO 10 J=1sN 

THY CIs J=G6 
GAMMACIsJ)=0- 
CON TINUE 
GAMMACIs1)=16 
CON TINUE 

CULATE DIVISORS 

DIV1=V1*R1*Ci+W1*C2 
DI V2= Vee R4*¥ C44 W2*C3 
DI V3=V3* R7*C 4+ W3*C2 
DI V4=V5* R19*C 4+ W5*C3 
DI VS=V6é"R1*C1+W6*C2 
DI V6=V4*R1*C 14+ W4eC2 

CULATE NON-ZERO ELEMENTS OF THYCIsJ) 

THY € ls 12=CC-ULFAIZ Qe- WC 20*C1D/DIVID#Pt le 
THY ls 22=C€CUL® AL) /DIVID*P 

THY (2s 12=€CUI*AI/ Qe / DI V2)*P 
THY € 22 29=€€-VC3)* CC 14L 0 4WC 4)#L=-U1*AL)/ DI V2) *P+ leo 
THY € 25 39=€€VC3)*CC14+L)2/DI V2) *P 
THY (3s 19=C CWC 2)*#C14+U2* A2/ 26 )/ DI V3)*P 
THY (35 30=C€C-WC2)*C14L*C WCB) = WCQ) )-U2* A2/ 2e )/ DI V3) #P+ le 
THY € 49 2)=C CWC 42¥C 1+ VC 49 *#CCI4+L) 7 DIV4*P 
THY € 49 4)=€ CWC 49 *#C1- VC 4)* CC 14+L +L *C WC 18)-WC 4) -U3* AS)/ DI V4) 

1 *P+te 
THY € 4s 6)=€ CU3*A3/ Qe )/DI V4) *P 

THY (55 5)=€ C= WC 12)#C 1- U4 A4/ 20 )/ DI VS) * Pt Le 
THY ¢ 69 49=(€(U3*A3)/DIV6)*P 

THY € 62 69=€ C= WC 14)*C I= US#AS/ Qe / DI VE) Pt Le 
THY C75 7)=1e 
RETURN 
END
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TABLE G-7.1 - SUBROUTINE TRANS(2) 

SUBROUTINE TRANS PAGE 1 

SUBROUTINE TRANS 

SUBROUTINE TRANS€2) CALCULATES THE STATE TRANSITION MATRIX 

» THY, USING A CANONICAL TRANSFORMATION 

COMMON /KALM/X EC 7) »XPC7)s C7)» PEC 7s 7) 5 QC 7s 7)» RCTs 7)9 THY( 7s 7) 
1 »GAMMAC 7s 7)». RKC 7s 7)s RMC 7s 7) sNaMs P 
DIMENSION BC7s7)5CC7s7)sDC7s 7)2XPTC7)sXETC7) 

INITIAL ISATION 

IONE=1 

TRANSFORMATION OF ESTIMATES 

CALL RUTISCCs DsN) 
CALL MATMUL( Ds XEs XET»N»oNs IONE) 

TRANSFORMATION OF PREDICTIONS 

CALL MATMUL(DsXPsXPT»NsNs IONE) 

CALCULATION OF TRANSFORMED STATE TRANSITION MATRIX 

DO 100 K=1sN 
DO 118 J=1sN 

119 BCKsJ)=G- 
BCKsK)=XPTCK)/XETCK) 

16@ CONTINUE 

RETRANSFORM STATE TRANSITION MATRIX 

CALL MATMUL(Cs Bs RKsNsNoN) 
CALL MATMUL( RK» Ds THYsNsNoN) 

CALCULATE INTEGRAL STATE TRANSITION MATRIX 

DO 115 K=15N 
115 BCKsK)=BCKsK)*P 

RETRANSFORM INTEGRAL STATE TRANSITION MATRIX 

CALL MATMUL¢C»s Bs RKs Ns NsN) 
CALL MATMUL(¢ RK» Ds GAMMAsNsNoN) 
RETURN 
END
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TABLE G-8.1 - SUBROUTINE RUTIS 

19 

C SET 

SUBROUTINE RUTISCCs DsN) 

SUBROUTINE RUTISCCs DsN) 

SUBROUTINE RUTIS SETS UP THE EIGENVECTOR MATRIX 
& THE INVERSE EIGENVECTOR MATRIX 

DIMENSION CC7s7)sDC7s 7) 

INITIALISATION 

DO 18 I=1sN 
DO 19 J=1sN 
CCIsJ)=B5 
DCIsJ)=0- 
CON TINUE 

UP EIGENVECTOR MATRIXsC 

CC ls 12=9-e889056 
CC 1s 2)282 752564 
CC 1s 3)2D- 33976E-81 
CC 2s 1)2-9-516571 
CCQs 2)=0- 425911 
CC 2s 3)=0- 6SO5O5E-B1 
CC3s 1)=-G- 289129 
CC 3s 2)=-Be 498526 
CC 3s 39=8- 997383 
CC 4s 1)=O- 102196E-B1 
CC 4s 2)=-0e 568 68 1E-81 
CC 4s 3)=G- 122877E-92 
CC 4s 4920+ 428303 
CC 4s 6)=8- 959781 
CCSs5)=16 
CC 6s 1)=-0- 2468 28E-B1 
CC 6s 2)=-8- 229257E-B1 

121576E-03 
0-993635 

Cf 6s 6)=9- 286752 
CCTs 7H 16 

   

UP INVERSE EIGENVECTOR MATRIXsD 

DC 1s 1)=O- 694292 
DC 1s 2)s- 1-91425 
DC 1s 3)=8- 455721E- G2 
DC 2s 1)=B- 656751 
DC 2s 2921-8789 
DC 2s 3)=-8-927469E-91 
DC 3s 1)=G- 498085 
DC 3s 2)=0- 254425 
DC 32 39=0-969143 
DC 4s 1)=-G+ 67593SE-82 
DC 4s 2)=-8- 334233E-83 
DC 42 3)=8- 20273E-G4 
DC 4s 4)= 00 28.4296 

DC 4s 6)=- 02971892 
DCS. 5)=16 
DC 6s 1)= 0+ 348 642E-81 

  

PAGE



TABLE G-8.1 - continued 

SUBROUTINE RUTISCC.sDsN) 

DC 6s 2)=@- 745395E-81 
DC 63 3) =-B- 72299 7E-82 
DC 6s 49206915838 
DC 6s 6)= 8+ 433708 
DCTs 7)=1e6 
RETURN 
END 

PAGE
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TABLE G-9.1 - MATRIX MANIPULATION ROUTINES 

C OLDFP MATRIX LIBRARY 

OLDFP MATRIX LIBRARY 

DIMENSION AC7sN)s BC7s 14) 
LOGICAL R 
REAL MAX 

INITLALISATION 

a
a
a
 

DET= 1. 
R=e FAL SE- 
NRINT=8 
N1=2#N 
DO 1 I=1sN 
DO 2 J=1sN1 
IFCJeGTeN) GOTO 4 
BCIs JI=ACIo J) 
GOTO 2 

4 BCIsJ)=00 
2 CONTINUE 

K=I+N 
BCIsK)=16 

1 CONTINUE 

START ELIMINATION 

e
E
a
a
 

DO 19 I=1sN 
IIsI+1 

TEST FOR SINGULARITY 

a
o
a
 

DO 36 J=IsN 
IFCABS( BCJs1))+GE+G-881) GOTO 

3@ CONTINUE 
R=. TRUEs 
RETURN 

C DETERMINE PIVOTAL ROW 

1S MAX=BCIs1) 
IPIVOT=I 
IFCII-GT»eN) GOTO 20 
DO 11 J=IIsN 

SUBROUTINE MATINVCAs Bs No Rs DET) 

MATRIX INVERSION BY THE METHOD OF GAUSS-JORDAN 

1s 

IFCABSC(C BC Jo I))«L Te ABS(MAX)) GOTO 11 
IPIVOT=J 
MAX=BCJs 1) 

11 CONTINUE 
IFCIPIVOT+¢EQeI) GOTO 26 

c 
C INTERCHANGE ITH ROW & PIVOTAL ROW 

NRIN T=NRINT#+ 1 
DO 17 K1i=IsN1 
Q=BCIsK1) 

PAGE
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114 

TABLE G-9.1 - continued 

C OLDFP MATRIX LIBRARY PAGE 

BCIsK1)=BCIPIVOTsK1) 
BCIPIVOTsK1)=@ 

17 CONTINUE 
c 
C ELIMINATION OF COEFFICIENTS FROM ITH ROW 
c 

26 DET=DET*BCIs1) 
DO 40 J=IsN1 
J1=N1+I-J 
BCI, J1D=BCIsJ1/BCIs 1) 
DO 5@ K1=15N 
IFCK1-¢EQeI)GOTO SO 
BCK ts JI2=BCK to J19- BCI oJ 12 *BCK 15 TD 

S@ CONTINUE 
4@ CONTINUE 
18 CONTINUE 

STORE INVERSE IN FIRST HALF OF 
THE AUGMENTED MATRIX 

Q
a
a
a
 

DO 68 J=1sN 
DO 60 I=1sN 
II=1+N 
BC J, TI =BCJs II) 

6@ CONTINUE 

CORRECT SIGN OF DETERMINANT FOR ROW INTERCHANGES 

a
a
a
 

IFCNRINT-EQ-@) RETURN 
_ DET=DET#(C~ te )**NRINT) 
78 RETURN 

END 
SUBROUTINE MATMUL CAs Bs CoLsNsM) 
DIMENSION AC7sN)s BC7sM)s CC 7M) 
DO 20 J=leL 
DO 26 I[=1.M 
CC Js T=B- 
DO 28 K=1sN 
CC Jo TSCC Js LI + AC Is K*BCKs I) 

26 CONTINUE 
RETURN 
END 
SUBROUTINE MATADDC¢ As Bs CoNaM» Ps Q) 
DIMENSION AC7sM)s BC7sM)sCC7sM) 
DO 29 I=1sN 
DO 28 J=1sM 
COIs JIS PRACIs J) +O" BCIS J) 

28 CONTINUE 
RETURN 
END 
SUBROUTINE MATRAPC As BsNsM) 
DIMENSION AC7sM)sBC7sN) 
DO 18 I=1sN 
DO 18 J=15M 

19 BJs ID=ACIs J) 
RETURN 
END
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TABLE G-10.1 - BLOCK DATA SUBPROGRAM 

BLOCK DATA PAGE 1 

BLOCK DATA 
COMMON /SCAN/INTRs STEPsNCY CL Es NCOUNTs IPRSTs IPRNT» CC 18)» DC 18) 
COMMON /MODEL/V 1s V2s V3s V4s VSs V bs Wis W2s WSs W4s WSs W6s Cl» C2, C3,C4 

1 Als A2s A3s A4s ASs HA1s HA2s HA3s HA4s HB1sHB2sHB3sHB4s HC 1sHC2s,HC3, 
2 HC4,HD1,HD2s HD3,HD 4s Rl» BONS» TC 16)5 WC 16)5 VC 16)sHs DP 1s DP2s DP3 
3 P12sP15S.U1s U2s U3s U4s R4s R7s RIG 
DATA CC1)92CC2)5C63)5CC 495 C6595 CC 695 C0799 C635 C699 CC 18)s CC 11 

1 CC12)sCC13)s CC 1495 CC 1595 CC 1695001795 CC 18) 
2 7 Le 257 69 = Le 23385 — 1e 36249 = 16 27675 ~ 1e 24339 16 14339-1225 
3 = Le 2243s — 16 27199— Le 1.48 1s De 9 1467 4E- B22 - Be 1464555 - 20 6887 4p 
4 -4e G21 422 986 1749-9 298 G49 - De 2937 12E= B2s Be 25E-B3/ 
DATA D¢1)5DC2)5D€3)22 DC 4) DC 5)» DC 6) DET)» DCS)s DC9)s DE 1095 DC 11 

1 DC12)5D¢€13)s DC 1495 DC 15)s DC 165 DC 179s DC 18) 
2 418%G- 119G47 6s Be 63772 4E- 4s Be 28 1SIE~B2s Be 2222615 Be 2164 
3 De 137993» De 293185 Be 4728 66E-O4s Oe 69SE-OY 
DATA Vis V2s V3s V4s V52 VE/ Be 159 3E=G2s Be 7779 E~D2s De 29 1S E-G2s 

1 Be 39 ATE-G2s Be 151E-G1s Oe 6613E- 627 
DATA Wis W2s W3s W4s WSs WE6/ 409 1s 220 3D 4s Be 192s Be 922s 130 452s 140¢95/ 
DATA ClsC2sC3sC4/ de 18 682 Be 38.492 Be 45195 1697 
DATA Als A2s A3s Ads AS/Be 3955s Be 7238s Be 672s Le 18345 Be 13077 
DATA HA1s HA2s HA3s HA4/ Be T21S46E= G15 2e 3210 Gs 16 29 675s 16811677 
DATA HB1sHB2sHB3s HB4/=@e 168 154E= 03s - Be 9 S2303E- 81s Be 434556E-8 

1 -@- SO88O8E-927 
DATA HC1sHC2s HC3s HC 4/8 2337 1s Te 111635 Be 814137s— le 64215 
DATA HD1sHD2,HD3sHD4/ 13 6061s 1526 48 15-920 922s - De 29272 6E-93/ 
DATA Rl» BCNS/98 Se 22s Ge 607 4E~ B27 
END 

e



TABLE G-11.1 - PROGRAM LINKS BETWEEN THE ON-LINE FILTERING 

@601 
9062 
9083 
8004 
8005 
0006 
9007 
0008 
9809 
8018 
9011 
9012 

PROGRAMS AND THE OLDFP EXECUTIVE 
———F OeLe De Fe Ps = LINKS = FTRN 

911125 
911156 
@16486 
928762 

BUFD O11156A HS 

° 

* OoleDeFePe - LINKS - 
* 

* 

SUBR 
SUBR 
SUBR 
SUBR 

HS EQU 
BUFD EQU 
HT EQU 
IN EQU 

END 

@11125A 

@@0@ WARNING OR ERROR FLAGS 
91-26-71 DAP-16 MOD 2 REVe 

HS 
BUFD 
HT 
IN 
"11125 
"11156 
*16406 
*20762 

HT B16406A 

FTRNe 

IN 

PAGE 

920702A
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G-12 LOADING PROCEDURE FOR FILTER2 
  

The following loading procedure was used to 

construct an SLST of the on-line filtering 

program, FILTER2. 

(i) Load an SLST of LDR-APM Revision E, 

entry point 7000. 

(ii) Load an object tape of FILTER, 

P= 7000 g A = 16400 Bs 100, 
8 

(iii) Load an object tape of BLOCK DATA, 

Press start. 

(iv) Force load an object tape of INIT, 

Ps 7004, 

(v) Load an object tape of SUBROUTINE KALMAN, 

Press start. 

(vi) Load an object tape of SUBROUTINE PREDIC, 

Press start. 

(vii) Load an object tape of SUBROUTINE TRANS(1), 

Press start. 

(viii) Load an object tape of the Matrix 

Manipulation routines, 

Press start. 

(ix) Load Part 1 of the OP-16 Fortran Libraries 

tape (see Appendix G-15), : 

Press start.
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(x) Load Part 2 of the OP-16 Fortran Libraries 

tape (see Appendix G-15), 

Press start. 

(xi) Load an object tape of the Fortran 

Links program - see Appendix G-1l, 

(xii) Obtain a memory map of the load - See 

Table G-12.1, 

P = 7002 

(xiii) Make the following correction to 

subroutine F$ER, 

location, F$ER + 11,( 32016.) - contents, NOP 

(xiv) Load an SLST of PALAP (entry point 15000. ) 

and punch out a 2 part SLST of FILTER2, 

locations 100, to 477 and 16400, to 37577, 
8 8



TABLE G-12.1 - MEMORY MAP OF FILTER2 

*LOW 
*START 
*HIGH 
*N AMES 
*COMN 
cere 
CuFI 
cIF2 
CIF1 
MTI2 
MTL 
LPI2 
LPI1 
ASF2 
ASF1 
ROCB 
ROCA 
*BASE 
XSTR 
XLNK 
XPFP 
XMIL 
XSEC 
XMIN 
XHR 
XDAY 
x SD 
XPIC 
XJBS 
XPLP 
XPSP 
xCCw 
XEPP 
EROR 
xLOD 
XPEP 
xsyS 
XICF 
XSSA 
XHLT 
XPLT 
XPCT 
XCUT 
XIDT 
XIDI 
x1D2 
XIVT~ 
XINT 
XucT 
XSPT 
xOPT 
xCLC 
XHPT 
XPET 
XEXA 
HS 
BUFD 

98200 
16480 
32164 
g2252 
36014 
88089 
82860 
80000 
08800 
88600 
99080 
99000 
00008 
99200 
28668 
96600 
0a8g00 
89431 
01980 
81801 
61902 
91063 
81804 
8108S 
81006 
91687 
61019 
81811 
91912 
@1813 
81014 
61015 
91816 
G1G16 
91017 
61829 
61921 
61922 
81023 
91924 
@1025 
81826 
91027 
61833 
91631 
91932 
61833 
01934 
81935 
61636 
01837 
81949 
@1841 
81942 
61043 
11125 
11156 

HT 
IN 

16486 
26532 

KALMAN 22266 
PREDIC 23430 
TRANS 26026 
MATINV 26762 
MATMUL 277308 
MATADD 36074 
MATRAP 38212 
AS22 30304 
$s22 38306 
Mf22 363108 
Bs22 38312 
FSAT 30414 
FSR1 36588 
FSwl 30506 
FSL3 36514 
FSL1 30514 
FSLS 38529 
FSL6 38526 
FSL2 38529 
FSCB 36524 
CON 38537 
TAG 30564 
EXP 30618 
ALOGIG 31158 
ALOGKX 31166 
ALOG «=~ 31168 
ABS 31446 
FLOAT 31466 
IFIX 31478 
IDINT 31478 
IMT 314798 
E321 31589 
MS11X 31560 
“4$11 31568 
cs12 31648 
cs21 31672 
Ns22 31724 
REAL 31736 
Ls22 31736 
HS22 31746 
ARG $ 31764 
ADDR 32066 
FSER 32816 
L$33 32934 
ISTORE 32950 
IFETCH 32962 
Loc 
MODEL 
SCAN 
KALM 

LC: 

32972 
36014 
36324 
36443
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G-13 LOADING PROCEDURES FOR FILTER3 

The following loading procedure was used to 

construct an SLST of the on-line filtering 

program, FILTER3. 

(i) Steps (i) to (vi) as for FILTER2 - See 

Appendix G-12. 

(vii) Load an object tape of SUBROUTINE 

TRANS (2). 

Press start 

(viii) Load an object tape of SUBROUTINE RUTIS, 

Press start. 

(ix) Load an object tape of the Matrix 

Manipulation routines, 

Press start. 

(x) Load Part 1 of the OP-16 Fortran Libraries 

tape, 

Press start. 

(xi) Load Part 2 of the OP-16 Fortran Libraries 

tape, 

Press start. 

(xii) Load am object tape of the Fortran Links 

program - See Appendix G-1l. 

(xiii) Obtain a memory map of the load - see 

Table G-13.1.
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(xiv) Make the following correction to 

subroutine F$ER, 

location, FSER+11, (33121,) - contents, NOP. 

(xv) Load an SLST of PALAP (entry point 15000. ) 

and punch out a 2 part SLST of FILTER3, 

locations 100, to 477, and 16400, to 375778. 
8



TABLE G-13.1 - MEMORY MAP OF FILTER3 

+LOW 
* START 
*HIGH 

aN AMES 

*COMN 

Cure 
COF1 
cIFe2 
CIFt 
MT1l2 
MTII 
LeI2 
LPI1 
ASF2 

ASF1 
ROCB 
ROCA 
*BASE 
XSTR 
XLNK 
XPFP 
XMIL 
XSEC 
XMIN 
XHR 

XPAY 

x4SD 
XPIC 
XJBS 
XPLP 

XPSP 

xcCw 

XEPP. 

EROR 
*LOD 
XPEP 
xsYS 
XICF 
xSSA 
XHL T 
XPLT 
XPCT 
xCUT 
XIDT 

xIDI 
x1bd2 

XI VT 
XiNT 
XDCT 
SPT: 
XOPT 
XxCLC 
XHPT 

XPET 
XEXA 

HS 

90000 
16480 
33176 
92236 
36614 

86020 
B226B 
89029 
A880 
88000 
G2009 ~ 
80000 
06080 
86200 
Q2000 
88000 
89080 
06412 
91888 
@1821 
91902 
81003 
91084 
6108S 
61066 
91907 
81018 
61011 
o1612 
@1013 
@1014 
@1815 
O1G1é 
01016 
91817 
81929 
01021 
81922 
81823 
81924 

01925 
81026 
@1027 
819308 
81031 
81832 
81033 
@1034 
91835 
91036 
01637 
21040 
01641 
01042 
@1643 
11425 

14156 
16406 
29532 
22266 
23438 
26924 
2709 
30054 
31822 
31166 
31384 

31376 
314808 
31492 
31404 

31506 
31572 
31600 
31606 
31686 
31612 
31612 
31612 
31616 
31631 
31656 
31702 
32242 
32252 
32252 
32546 
32552 
32562 
32562 
32562 
32572 
32652 
32652 
32732 
32764 
33816 
33030 
33030 
33048 
33856 
33180 
33110 
33126 
33142 
33154 
33164 
3égia 
36324 
36443
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G-14 LOADING PROCEDURE FOR FILTER4 

The following loading procedure was used to 

construct an SLST of the on-line filtering program, 

FILTER4. 

(i) Steps (i) to (iv) as for FILTER2 - See 

Appendix G-12. 

(v) Load an object tape of SUBROUTINE ADAPT, 

Press start. 

(vi) Steps (vi) to (xi) as for FILTER2 - 

See Appendix G-12. 

(xii) Obtain a memory map of the load - See 

Table G-14.1. 

(xiii) Make the following correction to 

subroutine F$ER, 

location, FSER+11, (34001, ) - contents, NOP 

(xiv) Load an SLST of PALAP (entry point 15000) 

and punch a 2 part SLST of FILTER4. 

to 577 locations 100 and 16400, to 375778 
8 8 8



TABLE G-14.1 ~ MEMORY MAP OF FILTER4 

*LOW 
*START 
*F 1 GH 
AMES 
*COMN 

core 
COF1 
cIF2 
CIF1 
MTI2 
MTI1 
LPI2 
LPI1 
ASF2 
ASF1 
ROCB 
ROCA 
*BASE 
XSTR 
XLNK 
XPFP 
XMIL 
XSEC 
XMIN 

XaiR 

XDAY 
XxMSD 
XPIC 
XJBS 
XPLP 
XPSP 
xCCW 
XEPP 
EROR 
XLOD 
XPEP 
XSYS 
XICF 
XSSA 
XHL T 
XPLT 
XPCT 
XxCUT 
XIDT 
x01 
xib2 
XIVT 

XINT 
XDCT 
XSPT 
XOPT 
XCLC 
XHPT 

XPET 
XEXA 

HS 

99908 
16480 
34656 
92167 
35306 
009908 
90909 
90009 
92008 
96809 
22900 
20060 
90000 
80900 
80986 
98909 
90009 
90501 
01299 
@1801 
91002 
01863 
@1904 
91905 
@1996 
@1907 
619198 
@1011 

* 61012 
019013 
91914 
81015 
O1916 
@1016 
@1017 
81920 
01921 
g1922 
91823 
81024 
91625 
91926 
@1927 
01636 
91931 
g1932 
81833 
91934 
81935 
91036 
@1837 
81049 
Q@1941 
91042 
81943 
11125 

11156 
16486 
29762 
22768 
25266 
27730 
30664 
31632 
31776 
32114 
32206 
32218 
32212 
32214 
32316 
32492 
32418 
32416 
32416 
32422 
32422 
32422 
32426 
32441 
32466 
32512 
33652 
33062 
33862 
33358 
33362 
33372 
33372 
33372 
33482 
33462 
33462 
33542 
33542 
33612 
33644 
33676 
33718 
33718 
33728 
33736 
337 68 
337708 
34996 
34922 
34034 
34044 
35309 
35618 
35727
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G-15 OP-16 FORTRAN LIBRARIES TAPE 

The OP-16 FORTRAN LIBRARIES TAPE contains 

the following libraries which are supplied as 

standard software by the manufacturer:- 

  

LIBRARY NAME CONTENTS NUMBER OF SUBROUTINES 

1 CLIB COMPLEX SUBROUTINES 22 

2 DLIB DOUBLE PRECISION SUBROUTINES 35 

3 OPFRT1 TRACE SUBROUTINE 1 

4 OPFRT2H LINKS TO RE-ENTRANT 
SUBROUTINES AND DRIVERS 29 

5 IRLIB INTEGER/REAL 33 

6 OPFRT3 OP-16 SUBROUTINES 16 

7 ULIB UTILITY ROUTINES 20 

8 AC1-5 DOUBLE PRECISION ACCUMULATORS 1 

9 XLOCS EXEC-A LOCATIONS 1 

TOTAL “158 

The OP-16 Fortran Libraries Tape was constructed 

using the utility program OBJCHOP (G.1). The tape 

comes in two parts, the first part containing CLIB, 

DLIB, OPFRT1 and the first 12 subroutines of OPFRT2H 

(in that order) and the second part containing the 

remaining subroutines from OPFRT2H, IRLJB, OPFRT3, 

ULIB, AC1-5 and XLOCS (in that order). When 

using this tape it must be remembered that the
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first subroutine on OPFRT2H (the links with the 

floating point re-entrant mathematics subroutines) 

is always loaded because it is preceded by a 

force load block. A further point to take note 

of is that this library tape contains XLOCS, an 

object tape which specifies the key locations 

in the executive (EXEC-A). Thus, when this 

tape is loaded with the object tape of a Fortran 

program the linkages with the executive are 

automatically satisfied.



TABLE G-16.1 - ERRORS GENERATED BY FILTER2, 3 and 4 

  

ERROR 
MNEMONIC 

MEANING 
REPORTING 
PROGRAM 

  

  

E30001IN 

E3100HT 

E3110HT 

  

An Executive error has 
occurred when program IN 
attempted to REQUEST either 
program Hl or program H2. 
Program IN is terminated. 

An Executive error has 
occurred when program HT 
attempted to REQUEST one 
of the followings programs: 
Hl, H2, H3, H4, H5, H6, PP. 
Program HT is terminated. 

An Executive error has 
occurred when program HT 
attempted to disconnect 
itself from the clock. 
Program HT is terminated.   

INIT 

FILTER 

FILTER 
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G=17 PROGRAM TO CONVERT BINARY FORMAT TAPES 

TO ASCII FORMAT TAPES 

The purpose of the program shown in Table 

G-17.1 is to read in a tape containing numbers 

in binary format and then punch out the same 

numbers in ASCII format. A rather unusual 

feature of Fortran which is used in this program 

is the unformattedREAD statement - see line 17 

of Table G-17.1. This statement enables numbers 

in binary format to be read in. 

The program was loaded using LDR-APM 

Revision E (entry point 37000 . ) and the 

following loading procedure:- 

(i) Load an object tape of the program shown 

in Table G-17.1, 

P=37000., A=1000., B=100. 

(ii) Force load an object tape of subroutine 

I$Po, 

P=37004, 

(iii) Load the standard Fortran Libraries Tape.



TABLE G-17.1 - PROGRAM TO CONVERT BINARY FORMAT TAPES 

TO ASCII FORMAT TAPES 

C CONVERSION OF BINARY TO ASCII PAGE 

1 © CONVERSION OF BINARY TO ASCII 
2c 
3 DIMENSION ACS@@) 
4 1800 FORMATC 47H ENTER NOe OF CHARACTERS/CYCLE & NO« OF CYCLES» 
5 1 SH= ee) 
6 1010 FORMATCE2@- 12) 
7 2686 FORMATC212) 
8c 
9 C INITIALISATION 

19 C 
11 WRI TEC ls 1600) 
12 READC 1s 2098) NsNCYCL 
13 NCOUN T= 1 
14 C 
15 C INPUT 
16C 
17 S READC2) CACI)sI=1sN) 
18 C 
19 C OUTPUT 
20 C 
21 DO 19 I[=1sN 
22 19 WRITEC2, 1918) ACI) 
23 C 
24 C TEST FOR END OF TAPE 
25 ¢ 
26 NCOUN T=NCOUN T+ 1 
27 IFCNCOUNTeLEsNCYCL) GOTO 5 

28 STOP 
29 END 
38 $0 @ S 

D OF JOB



APPENDIX H 

STEADY STATE ANALYSIS OF THE 

CONTENTS 

H-1 

H-2 

H-7 

DOUBLE EFFECT EVAPORATOR 

STEADY STATE ANALYSIS EXPERIMENTAL RESULTS 

__ PREHEATER (PH) 

STEADY STATE ANALYSIS EXPERIMENTAL RESULTS 

- FIRST EFFECT (FE) 

STEADY STATE ANALYSIS EXPERIMENTAL RESULTS 

- SECOND EFFECT (SE) 

STEADY STATE ANALYSIS EXPERIMENTAL RESULTS 

- CONDENSER (CD) 

COMPARISON OF PREDICTED AND EXPERIMENTAL , 

HEAT TRANSFER COEFFICIENTS - PREHEATER (PH) 

COMPARISON OF PREDICTED AND EXPERIMENTAL 

HEAT TRANSFER COEFFICIENTS - FIRST EFFECT (FE) 

COMPARISON OF PREDIGTED AND EXPERIMENTAL 

HEAT TRANSFER COEFFICIENTS - SECOND EFFECT (SE) 

COMPARISON OF PREDICTED AND EXPERIMENTAL 

HEAT TRANSFER COEFFICIENTS - CONDENSER (CD) 

DATA LAYOUT FOR THE MULREG COMPUTER PROGRAM



TABLE H-1.1 - STEADY STATE ANALYSIS EXPERIMENTAL 
  

RESULTS - PREHEATER (PH) 

  

  

  

No T,-(T,+T,)/2 My V3 Upy 

1 30.791 0.031525 0.0140587 0.631288 

2 30.7253 0.031525 0.0128492 0.644656 

3 30.07098 0.031525 0.0143586 0.649298 

4 30.6803 0.0312644 0.0137707 0.651013 

5 32.1187 0.031525 0.0153043 0.576347 

6 32.1903 0.031525 0.015454 0.575306 

"Ee 32.4991 0.031525 0.0159598 0.565543 

8 32.1752 0.031525 0.0169249 0.575806 

9 32.3705 0.031525 0.0170445 0.565747 

10 32.9218 0.0471625 0.0188125 0.673937 

11 32.7518 0.0471625 0.0169983 0.678993 

12 32.714 0.0471625 0.0198001 0. 680036 

13 32.7985 0.0471625 0.018037 0.678288 

14 32.8773 0.0471625 0.0180697 0.677936 

15 34.6479 0.031525 0.0179933 0.534231 

16 34.5988 0.031525 0.0188861 0.54025 

17 34.5557 0.031525 0.0188028 0.543882 

18 34.5605 0.031525 0.0191836 0.544979 

19 34.5019 0.031525 0.0186898 0.546527 

20 35.3886 0.0471625 0.019474 0.729083 

21 35.3278 0.0471625 0.0195569 0.730318 

22 - 35.2646 0.0471625 0.0192833 0.732172 

23 35.4557 0.0471625 0.02089 0.732044 

24 35.4328 0.0471625 0.0204153 0.729781 

25 36.5988 0.0471625 0.024912 0.793213 

26 36.8137 0.0463806 0.0242567 0.787649            



TABLE H-1.1 - continued 

  

  

27 

28 

29 

30 

31 

32 

33 

34 

35   

37. 

ots 

37. 

37. 

30. 

30. 

30. 

30. 

30. 

1501 

3546 

515 

8034 

56435 

3113 

19395 

18905 

11005   O
n
e
 

O
F
 
O
.
0
 
0
 
'
O
 
©
 - 0463806 

+ 0463806 

0463806 

- 0463806 

031525 

031525 

031525 

-031525 

031525   O
O
 
n
O
 
T
O
R
 
o
n
O
n
'
 

C
—
O
 0229458 

-0249998 

0255457 

022993 

- 0204263 

-0181033 

-0176306 

-0170554 

-0161998   O
1
0
 

0
'
O
 

© 
0
0
 

Oo 
OC - 79492 

- 811615 

-814579 

- 798157 

- 584486 

- 582702 

- 582096 

579674 

- 579838 
   



TABLE H-2.1 - STEADY STATE ANALYSIS EXPERIMENTAL 

RESULTS - FIRST EFFECT (FE) 

  

  

  

No T5-(Tp+T7)/2 My Ve Upp 

L 32..47815 0.031525 0.0139459 1.58857 

2 32.22025 0.031525 0.0125739 1.44598 

3 32.1084 0.031525 0.0142444 1.64103 

4 31.9808 0.0312644 0.0135923 1.58881 

5 32.6208 0.031525 0.0154082 1.81504 

6 32.473 0.031525 0.0155725 1.84595 

Mi 32.35615 0.031525 0.0161433 1.93369 

8 32.35205 0.031525 0.0172057 2.04884 

9 32.4883 0.031525 0.0173588 2.06659 

10 37.4298 0.0471625 0.018979 1.9918 

11 37.4596 0.0471625 0.0169508 1.77388 

12 37.4695 0.0471625 0.0200722 2.09961 

13 37.4329 0.0471625 0.0181062 1.89711 

14 37.40415 0.0471625 0.0181414 1.90374 

15 31.2249 0.031525 0.0183925 2.38279 

16 31.02605 0.031525 0.0193671 2.52192 

17 30.9082 0.031525 0.0192679 2.51889 

18 30. 84185 0.031525 0.0196876 2.5809 

19 30. 83465 0.031525 0.0191381 2.50819 

20 32.45975 0.0471625 0.0194432 2.49265 

21 32.5437 0.0471625 0.0195333 2.49009 

22 32.53445 0.0471625 0.019226 2.45024 

23 32.48765 0.0471625 0.0210005 2.67554 

24 32.5307 0.0471625 0.0204877 2.61685 

25 29.7926 0.0471625 0.025307 3.65843 

26 29.2406 0.0463806 0.0245748 3.63176 

27 28.525 0.0463806 0.0230725 3.51738            



TABLE H-2.1 - continued 

  

  

28 

29 

30 

31 

32 

33 

34 

35   

28. 

27. 

27. 

36. 

37. 

37. 

37. 

37. 

1489 
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59125 

59945 
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21465 
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O
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O
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O
 

© 
0 

0
:
 

oO 0252778 

0258575 

-023057 

-0213185 

-0187318 

-0182087 

-0175719 

0166177   P
R
r
R
P
r
H
P
 

NY 
w
R
 

Ww - 91532 

-05782 

- 66107 

. 15066 

85848 

- 79588 

+ 72784 

-63278 
   



TABLE H-3.1 - STEADY STATE ANALYSIS EXPERIMENTAL 

RESULTS - SECOND EFFECT (SE) 

  

2 ° 

T 

Thom Ty5*7 1 4)/2 M Vv U 
  

  

15 4 SE 

1 11.59385 1.93128 0.0114719 2.56312 

2 11.68445 2.02009 0.010234 2.73125 

3 11.7523 1.92253 0.0117337 2.28462 

4 11.7503 1.9772 0.0111527 2.61207 

5 13.42685 2.07081 0.0127497 2.35934 

6 13.2267 2.0715 0.0128961 2.35734 

© 13.43625 1.91256 0.0134053 2.19322 

8 13.13145 1.92166 0.0143664 2.04884 

9 13.11565 1.9143 0.0145 1.97173 

10 12.62335 2.04682 0.0155388 1.22479 

EE 12.4437 1.90597 0.0137238 1.73618 

12 12.3169 1.837845 0.0165258 0.989686 

13 12.34715 2.24273 0.0147602 1.46921 

14 12.34405 2.25015 0.0147861 1.46112 

15 14.17885 2.24403 0.0153655 1.44319 

16 14.1498 2.06075 0.0162418 1.23548 

Ae 14.08005 2.07563 0.0161491 1.26094 

18 14.11595 1.99765 0.0165257 1.16745 

19 14.0811 1.99226 0.0160315 1.29714 

20 13.74605 1.99447 0.0157166 1.14702 

21 13.5987 1.994641 0.0158015 1.1414 

22 13.5697 1.96573 0.015528 1.21105 

23 13.5689 1.941296 0.0171136 0.819439 

24 13.451 1.947817 0.0166506 0.942613 

25 14.19495 1.990891 0.0207759 0.313469 

26 14.00325 1.95082 0.0201343 0.482596 

27 13.73765 1.949086 0.0187544 0.810392         
  

 



TABLE H-3.1 - continued 

  

  

28 
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35   
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© 0206994 

-0212136 

-0187077 

0179893 

-0156927 

-0152315 

-0146635 

-013814   N
e
Y
e
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F
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H
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O
O
O
 - 308687 

177258 

- 794109 

+ 783844 

- 4899 

- 63802 

- 81635 

-07212 
   



TABLE H-4.1 - STEADY STATE ANALYSIS EXPERIMENTAL 

RESULTS - CONDENSER (CD) 

  

  

  

No | Ty-(T9T3)/2 Mo Vi0'%9 Yo 

1 25. 60765 0.433333 | 0.0120391 | 0.17357 
2 25.39495 0.433333 | 0.0108246 | 0.161246 
3 25. 31275 0.433333 | 0.0122999 | 0.189648 
4 25. 72085 0.433333 | 0.0117065 | 0.156428 
5 26.1512 0.441667 | 0.0131146 | 0.15478 
6 24.9983 0.441667 | 0.0132566 | 0.159532 
7 24.98155 0.441667 | 0.0137632 | 0.163337 
8 25.10675 0.441667 | 0.0147138 | 0.160834 
9 25.0256 0.441667 | 0.0148452 | 0.163425 
10 23.7683 0.441667 | 0.0163119 | 0.164756 
ul 23.6652 0.441667 | 0.0145005 | 0.160768 
12 23. 45755 0.441667 | 0.0172784 | 0.164479 
13 23.3187 0.441667 | 0.0155205 | 0.166031 
14 23.19235 0.441667 | 0.0155438 | 0.165043 
15 25.9365 0.435000 | 0.0157308 | 0.165536 
16 26.5293 0.435000 | 0.0165995 | 0.162018 
17 26.96355 0.435000 | 0.0165096 | 0.159597 
18 27.31245 0.435000 | 0.016884 | 0.157615 
19 27. 55375 0.435000 | 0.0163954 | 0.156904 
20 27.0136 0.453667 | 0.0166148 | 0.155279 
21 26. 8837 0.453667 | 0.0166898 | 0.153605 
22 26. 88675 0.453667 | 0.0164191 | 0.151764 
23 26. 58035 0.453667 | 0.0179741 | 0.149369 
24 26.5757 0.453667 | 0.0175236 | 0.148954 
25 27.93955 0.436667 | 0.0216349 | 0.144292 
26 29.112 0.436667 | 0.0209594 | 0.135525            



TABLE H-4.1 - continued 

  

  

27 30.4769 0.436667 0.0195816 0.1282 

28 31.27295 0.436667 0.0215292 0.127331 

29 32.0272 0. 436667 0.0220348 0.122653 

30 32.68445 0. 446667 0.0195218 0.12025 

31 26.9425 0.446667 0.0183007 0.111216 

32 :26.1062 0. 446667 0.0160184 0.115537 

33 25.81365 0.446667 0.0155611 0.113205 

34 25.4886 0.446667 0.014998 0.115877 

35 25.34415 0. 446667 0.0141596 0.119043         
   



TABLE H-5.1 - COMPARISON OF PREDICTED AND EXPERIMENTAL 

PH)   

  

  

  

HEAT TRANSFER COEFFICIENTS - PREHEATER (U. 

Run | PREDICTED PERCENTAGE Run | PREDICTED | PERCENTAGE 
No VALUE DEVIATION No VALUE DEVIATION 

a 0.617830 2.132 26 0.777889 1.239 

2 0.623761 3.241 27 0.759996 4.393 

3 0. 638542 1.656 28 0.794346 2.128 

4 0.649021 0. 306 29 0.801747 1.575 

5 0. 534554 7.251 30 0. 760528 4.714 

6 0. 536579 6.732 31 0. 604506 -3.425 

% 0.543409 3.914 32 0.572941 1.675 

8 0. 556594 3.336 33 0.566529 ' 2.674 

9 0. 558189 1.336 34 0.558704 3.617 

10 | 0.710907 -5.486 35 0.547076 5.650 

11 } 0.686251 -1.069 

12 | 0.724379 -6.521 AVERAGE ABSOLUTE 

13 | 0.700376 3.256 DEVIATION = 3.499% 

14 | 0.700807 3.374 

15 | 0.570715 6.829 

16 | 0.582872 -7.889 

17 | 0.581745 -6.962 

18 | 0.586925 -7.697 

19 | 0.580217 -6.164 

20 | 0.719492 1.315 

21 | 0.72063 1.326 

22 | 0.716918 2.083 

23 | 0.738747 -0.916 

24 | 0.732292 0.344 

25 | 0.793279 -0.008 

        

       



TABLE H-6.1 - COMPARISON OF PREDICTED AND EXPERIMENTAL 

HEAT TRANSFER COEFFICIENTS - FIRST EFFECT 

  

  

        

(Upp) 

Run PREDICTED PERCENTAGE Run | PREDICTED | PERCENTAGE 
No VALUE DEVIATION No VALWE DEVIATION 

1 1.57884 0.613 27 3.45257 1.842 

2 1.39419 3.582 38 3.83021 2.174 

3 1.65956 -1.129 29 3.99372 1.579 

4 1.57043 1,157 30 3.69987 1.059 

5 1.81328 0.097 31 2.05086 4.640 

6 1.82735 1.007 32 1.8741 -0.840 

of 1.92552 0. 423 33 LiVtt7 1.008 

8 2.0879 -1.906 34 1.66955 3.373 

9 2.09827 1.533 35 1.61252 1.241 

10 1.98595 0. 294 

il 1.76246 0.644 

12 2.14886 2.346 AVERAGE ABSOLUTE 

13 1.85257 2.348 DEVIATION = 1.396% 

14 1. 86067 2.262 

15 2.3762 0.276 

16 2.54375 0. 865 

2 6 2.53984 0.832 

18 2.61016 -1.134 

19 2.52706 0.752 

20 2.53003 1.499 

21 2.53577 1.834 

22 2.4898 -1.614 

23 2.69327 0.663 

24 2.68254 -2.510 

25 3.67814 0.539 

26 3.6135 -0.503         
 



TABLE H-7.1 - COMPARISON OF PREDICTED AND EXPERIMENTAL 

HEAT TRANSFER COEFFICIENTS - SECOND 

EFFECT (U. ) 

  

  

  
        

es 

Run| PREDICTED | PERCENTAGE Run | PREDICTED | PERCENTAGE 
No VALUE DEVIATION No VALUE DEVIATICN 

1} 2.55231 0.422 27 | 0.760893 6.108 
2] 2.64793 "3.051 28 | 0.34743 | -12.551 
3] 2.11951 7.227 29 | 0.199834 | -12.786 
4] 2.63725 ~0.964 30 | 0.757757 4.578 
5 | 2.38142 ~0.936 31 | 0.731037 6.737 
6 2.35968 -0.099 32 1.49777 -0.528 

7 | 2.19207 0.052 33 | 1.69423 -3. 432 
8] 1.9341 5.600 34 | 1.87296 23,197 
9] 1.88244 4.528 35 | 2.12676 -2.637 
1o] 1.25367 -2.358 
11] 1.78832 -3.003 
12] 0.978501 1.130 AVERAGE ABSOLUTE 
13] 1.47351 0.292 DEVIATION = 3.739% 
14] 1.47701 -1.087 
15] 1.49792 -3.792 
16] 1.26602 -2.472 
17 1.28371 -1.806 

1s] 1.18679 -1.657 
19] 1.30823 0.855 
20] 1.14683 0.017 
21 1.14815 ~0.591 

22] 1.20375 0.603 
23] 0.899683 | -7.790 
24 1.02431 -7.866 ° 

25 0. 350189 -11.714 

26) 0.441382 8.540        



TABLE H-8.1 - COMPARISON OF PREDICTED AND EXPERIMENTAL 

a 
  

  

  

      
      
  

    

HEAT TRANSFER COEFFICIENTS - CONDENSER (U 

Run PREDICTED | PERCENTAGE Run PREDICTED | PERCENTAGE 
No ' VALUE DEVIATION No VALUE DEVIATION 

eal 0.169776 2.186 27 0.131308 2.424 

2 0.170861 -5.963 28 0.127257 0.058 

3 0.171276 9.687 29 0.123361 -0.577 

4 0.1692 -8.165 30 0. 120076 0.145 

5 0.153319 0.944 31 0.112765 -1.392 

6 0.159185 0.217 32 0.113426 1.827 

£6 0.159234 2.512 33 0.113656 -0.398 

8 0. 158633 1.368 34 0. 116386 -0. 439 

9 0.159046 2.679 35 0.120013 -0.815 

‘10 0.16497 -0.129 

ll 0. 165968 3.234 

12 0.167024 1.547 AVERAGE ABSOLUTE 

13 0.167731 -1.024 DEVIATION = 1.808% 

14 0.168374 -2.018 

15 0.165359 -0.107 

16 0.162343 0.200 

17 0. 160133 -0. 336 

18 0. 158358 0.471 

19 0.15713 -0.144 

20 0, 14893 4.089 

21 0.149591 2.613 

22 0.149576 1.442 

23 0.151134 -1.182 

24 0.151158 1.479 

25 0.144218 0.052 

26 0.138252 -2.012



H-9-1 

H-9 DATA LAYOUT FOR THE MULREG COMPUTER PROGRAM 

Data 

9900 

9901 

9902 

990N 

9OXX 

Q99OXY 

9922 

where, N 

Ve 

R 

Mn, 

GR 

Ql 

Q2 

should be entered as follows: 

DATA N,V,R 

DATA M1,N1,P1 ------ Wi 

DATA M2,N2,P2 ------ we 

DATA Mn,Nn,Pn ------ Wn 

DATA 1,G1,Q1,Q2,X1,X2,X3 ---K,),Y 

DATA 2,G2,Q1,Q2,X1,X2,X3 ---Xgy,¥ 

DATA R,GR,Q1,Q2,X1,X2,X3 ~--Kap ¥ 

Number of Data Sets 

Number of variables per data set 

Number of Regressions to be solved in 

this Run. 

Nn,Pn---Wn = the complete data set 

including both dependent 

and independent variables, 

for the nth observation. 

= The number of independent variables in 

the Rth regression model. 

= The control variable for the 

variance-covariance matrix, 1 to print, 

0 to omit. 

= The control variable for the calculated 

versus actual with residuals table, 

i to! print, O' to ‘omit:



The index of position in the data matrix 

(lines 9901 to 990N) for the ith 

independent variable in the model. 

The index of position in the data 

matrix for the dependent variable.



APPENDIX J 

-DYNAMIC ANALYSIS OF THE DOUBLE 

CONTENTS 

J-1 

EFFECT EVAPORATOR 

EFFECTS OF STEP CHANGES ON THE PRESSURE 

IN THE FIRST EFFECT SHELL 

EFFECTS OF STEP CHANGES ON THE CONDENSER 

SHELL OUTLET TEMPERATURE 

EFFECTS OF STEP CHANGES ON THE SHELLSIDE 

PRESSURES 

RESULTS OF DYNAMIC MODEL SIMULATION 

RUN No.1 - STEP CHANGE TO THE STEAM 

FLOWRATE 

RESULTS OF DYNAMIC MODEL SIMULATION 

RUN No.2 - STEP CHANGE TO THE FEED 

FLOWRATE



EVAPORATOR OYNAHIC LOG - Put NO. 1 
ee 

PRESSURE (KP4) = FIRST EFFECT SHELL 

  +e “ 

MESSUPEMENT 

  

  118 
  8 TIME (SECS ) 

FIGURE J-1.1 - EFFECT OF A STEP CHANGE TO THE STEAM 

FLOWRATE 

3908 
 



EVAPORATOR DYNAMIC LOG - RUN NO. 2 RE 

PRESSURE CKPA) ~ FIRST EFFECT SHELL 

  

MEASUREMENT 

ee Gee 

  lis     

a TIME «SECS. 2 S30 

FIGURE J-1.2 - EFFECT OF A STEP CHANGE TO THE FEED 

FLOWRATE



EVAPORATOR Ov HHMI 
RasasAtss: 

   iG - RUM NO 1 
Sisastasssssssse8      

TEMPERATURE (DEG,C) - CONDENSER SHELL OUTLET 

  

MEMSUREMENT 

  

      

a TIME (SECS. ) 598 

FIGURE J-2.1 - EFFECT ON THE CONDENSER SHELL OUTLET 
  

TEMPERATURE OF A STEP CHANGE TO THE 

STEAM FLOWRATE



45 

EVHPORATOR D'‘NAMIC LOG - RUN HO. SRM SRaSSstSaaeanesseaesssssesessese 

TEMPEPATURE CDEG.C) - CONDENSER SHELL OUTLET 

2 

  

MEASUPEMENT 

  

      

TIME «SECS. > Sse 

FIGURE J-2.2 - EFFECT ON THE CONDENSER SHELL OUTLET 

TEMPERATURE OF A STEP CHANGE TO THE 
  

FEED FLOWRATE



7 

    

LOG — RUN NO. 1 Saas saasssssanses 

PRESSURE (KPA) - SHELLSIDE 

  

CYCLONE 
~ 2NO. EFFECT Separator 

GND. EFFECT CALANORIA 
ee 

  
        9 TIME ¢Sé ” oO =.) 598 

FIGURE J-3.1 ~ EFFECT ON THE SHELLSIDE PRESSURES OF 

A STEP CHANGE TO THE STEAM FLOWRATE



18 

    

IG - RUN NO 2 
SSassSasssssenssa 

PRESSUPE (KPA) - SHELLSIDE 

  

CYCLONE 

2NO EFFECT SEPARATOR 

2NO. EFFECT CALANORIA 

      

ee a ee ey been en - 

    
  

a TIME <SE “ Gs
 

o a 398 

FIGURE J-3.2 - EFFECT ON THE SHELLSIDE PRESSURES OF 

A STEP CHANGE TO THE FEED FLOWRATE 

 



68 

EVAPORHTOR OYNAMIC MODEL SIMULATION - RUN N@. 1 
esa eee 939999991 995894794997 se eeESeE eee 

TEMPERATURE (DEG.C) - STREAM NO. 2 

  

  

PREDICTION ees 

MEASUREMENT 

  

8 TIME (SECS. > 

FIGURE J-4.1 - TEMPERATURE - EXIT PREHEATER TUBES 
 



72 

OOEL SIMULATION - RUN NO 1 
SHasssssasssssessessaasess25    

TEMPERATURE <0&G C> - STREAM NO. 4 

  

  

PREDICTICN 

MEASUREMENT 

    

TIME <SECS.) 598 a w 

FIGURE J-4.2 - TEMPERATURE - EXIT PREHEATER SHELL



  

  

  
  

EVAPORATOR DYNAMIC MOQEL SIMULATION - RUN N@ 1 SST ISS TTS Ss $38 St sassssses sesessssssaeseenes 

TEMPERATURE <DEG C) - STREAM NO. 7, 

PREDICTION 

MEASUREMENT 

8 TINE (SECS. > 336 

FIGURE J-4.3 - TEMPERATURE - EXIT FIRST EFFECT TUBES 

 



EVAPORHTOR OYNANIC MODEL SIMULATION - RUN N@. 1 SRTSRS SSS 23SSSSS 399347 4sssea sss sassessssesssssas 

TEMPERATURE (DEG.C) - STREAM HO. 18 

  723 
PREDICTION _____ 

MEASUREMENT 

    63 
  

@ TIME «SECS. 5306 

FIGURE J-4.4 - TEMPERATURE - EXIT SECOND EFFECT 

CALANDRIA SHELL



a+ 

31 

  

Sassts245 

  

233=3° 

  

(NAMIC HOQRL SIMULATION - RUN NO. 1 
SSS TSSsssesssssssssessesa8s85 

TEMPERATURE CUE ©) - STREAM NO. 13 

  

PREDICTION 

MEASUREMENT 
  

  
  

8 TIME ¢SECS.) 

FIGURE J-4.5 - TEMPERATURE ~- EXIT CONDENSER TUBES 

S38 
 



64 

56 

EURPORATUR D 
P: ta 

    

SIMJLATION - RUN NO 1 
Bess25ssssese=se2s2Sss2525 

TEMPERHTUPE «OEG.C) - STREHM HO. 14 

  

  

PREDICTION 

NEASUREMENT 
  

  

a TIME « ws Et oO we
 

FIGURE J-4.6 —- TEMPERATURE - EXIT SECOND EFFECT 

CALANDRIA TUBES 

59@ 
 



1.2 

EVAPORATOR OVNAMIC MNDEL SIMULAT IO! 
SS3555 see tesasssdsssstassassssesea: 

  

RUN NO. 
Isa stasasese 

  

SECUHO EFFECT SEPARATOR HEIGHT (METRES) 

  

  

PREDICTION 

MEASUREMENT 

    

TIME (SECS. ) 598 

FIGURE J-4.7



EVAPORATOR DYNAMIC MNDEL SIMULATION - RUN NO. 2 SSSSSS G88 GesSsSs Iss ssess2sseSs5es2ss4ssseeseeesess 

  

      

TEMPERATURE <DEG.C) - STREAM NO. 2 

73 
PREDICTION 

MEASUREMENT 

64 
@ TIME <SECS. > 590 

FIGURE J-5.1 - TEMPERATURE - EXIT PREHEATER TUBES



7¢ 

74 

HOUEL SIMULATION - RUN NO. = 
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