











































































































































































































































































































































































































































































































































































































































































































16.3 Loan Payment Schedule Format PL/I Programming Guide

183 b JRERERERERRRREER R R RFERRRR R ERRRFRRR AR RS/
184 b /*% This procedure defines and Pprints out an elaborate */
185 b /% header format, *®/
186 b JHERRERRREERRERRRRREARRRRRRRRRFERRRRRRRRRRRRRFRREERRRRR/
187 b — header:

188 ¢ procedures

189 ¢ put file(putput) list(clear)i

190 ¢ call line()]}

191 ¢ Put file(outrut) sKip edit

192 ¢ (*1’+'L O AN PAYMENT SUMMARY »i")
183 ¢ (asx(19))3

194 ¢ call line(})j

195 ¢ put filefoutrput) sKir edit

196 ¢ (*1 /s Interest Rate’syis*%’s*Inflation Rate’sir %’ "1 ")
187 ¢ (asx(153)+2(aspP b88u.887 va yx(B))rx(9)rad)i

198 ¢ call line{)j

199 ¢ put file(outrut) sKir edit

200 ¢ (*iDate {’+‘ Princiral t7+'Plus Interesti’s’ Parment '
201 ¢ ‘Princiral Paid!’s‘Interest Paid !’) (a)i

202 ¢ call line{()}

203 ¢ L end headerj

204 b

205 b JRERRERFRERERFERRAFERRRRRERR RS ERRRRR AR R RRERERRRRER/
208 b /% This procedure Prints out a series of dashed lines. #/
207 b JRERRRERREEREEFERRRERERERERRRERARRERERRRRRERRRRRRRRRRRRR/
208 b line:

209 ¢ proceduresj

210 ¢ declare

211 ¢ i fixed binji

212 ¢ put file(outrut) skip edit

213 ¢ [ L 'y

214 ¢ [ e ‘do i =1 to 4)) (a)i

215 ¢ end lines§

z16 b

217 b

218 b end loan2j

Listing 16-5. (continued)
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PL/I Programming Guide 16.3 Loan Payment Schedule Format

16.3.1 Variable Declarations

Starting on line 14, LOAN2 declares several data items:

PV

yi
PMV
ir

sm
sy
fm

dl

present value, initial principal

yearly interest rate

monthly payment

yearly inflation rate

starting month of payment (1-12)
starting year of payment (0-99)

fiscal month, end of fiscal year (1-12)
display level (0-2)

LOANZ2 declares the initial principal and payment variables as FIXED DECIMAL
(10,2), allowing values as large as $99,999,999.99.

It also allows the yearly interest rate and yearly inflation rate to be as large as 99.99.

The month and year variables, sm, sy, and fm are FIXED BINARY and LOAN2
assumes that these variables properly represent month and year values.

The variable dl is the display level and defines the amount of information LOAN2
displays during a particular iteration of the program. That is, 0 produces an abbreviated
display, 1 produces additional information, and 2 gives the full trace.

LOAN?2 also declares several other variables used throughout the program:

P

PP
PL
PMT
INT
YIN
IP

i

INF
ci

fi

initially set to PV, but changes during execution

total principal paid

principal for current line, holds P for display purposes
payment initially set to PMV; changes during execution
computed interest during current month

interest at beginning of current year

total interest paid

interest rate, initialized to yi

percent devaluation of original dollar due to inflation
current devaluation due to inflation

factor for computing current inflation

P and PMT are working variables for the principal and payment, so that the program
does not destroy the original variables PV and PMV during the computations. If you
enter a comma for subsequent input requests, LOAN2 retains the previous value.
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16.3.2 Program Execution

The program execution begins on line 42 with a clear screen character for the Lear-
Siegler ADM-3A CRT. This control character is defined in the % REPLACE statement
on line 12. If you are not using an ADM-3A, you can substitute the proper character
and recompile the program.

LOAN?2 sets an ON-condition to trap possible errors in the OPEN statement, lines
54 to 56, and then prompts for the report output filename. LOAN?2 initializes the
variable name to the value $con, and if you enter a comma rather than a file or device
name, LOAN2 assumes the console as the output device.

If you enter either a comma or the name $con as the output filename, then the OPEN
statement, line 54, opens the console with a zero page size. This means that the run-
time system does not issue any form-feeds at the end of each logical page. Otherwise,
LOAN?2 opens the output file or device as a normal PRINT file so that the run-time
system places form-feeds into the output file or sends them to the physical output
device, usually the printer, denoted by $lst.

The ON condition set at line 58 traps any occurrence of the ERROR condition,
including ERROR(1), which indicates a data conversion error. LOAN2 also program-
matically signals invalid data on line 92 if the value of dl is out of range.

LOAN2 does not contain a complete set of routines for error checking. To make
the program commercially functional, it should signal errors for all other invalid input
data items, such as a negative interest rate. Furthermore, out-of-bounds computations
should signal a FIXED OVERFLOW condition.

Beginning on line 67, LOAN2 reads a set of input values, and then initializes the
variables for each set of input values beginning on line 93. The PUT LIST statement
on line 99 executes a page eject if the output file is not the console. Line 100 then
prints a page header by calling the HEADER subroutine. You should compare the
formatting statements in the header subroutine with the output values shown in the
output listings.

The main processing takes place in the DO-group beginning at line 101, that executes
repeatedly until the principal is reduced to zero. The variable end indicates whether
an end-of-year summary has been printed, line 159, and thus avoids the possibility of
printing a duplicate summary, line 134.
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On lines 103 and 104, LOAN2 computes the monthly interest INT for the current
principal P and sums it in IP. LOAN2 saves the current principal for later display in
PL, and then adds the monthly interest to the principal. If the payment exceeds the
remaining principal on line 107, LOAN?2 reduces the payment to cover this remainder.
It then reduces the principal by the payment amount, eventually producing a zero value
if the original payment is sufficient to pay off the loan. Then on lines 111 and 112
LOAN2 sums the total principal paid and computes the inflation rate.

16.3.3 Display Formats

The decision logic for displaying the current computation is somewhat complicated
because LOAN2 has three display formats. If it is the last iteration, the principal P is
zero, you select the full display format, dl > 1, or the current month is the end of the
fiscal year, m = fm, then LOAN2 writes the current computation between lines 114
and 118.

The Picture format p99/99’ displays the month and year, where 100*m +y produces
a four-digit number to match this format. For example, if m = 11 and y = 64, then,

100 * m + y = 100 * 11 + 64 = 1164
1164 appears as 11/64, when printed using the given Picture format.

The DISPLAY subroutine actually performs the output function, based upon the six
actual parameters listed in the CALL statement on line 117. The main program first
adjusts each argument, by the current inflation rate INF, and then passes it to DISPLAY.
If the inflation rate is set to 0%, the value of INF is 1.00 at this point in the computation.

The body of the display subroutine, listed between lines 142 and 151 could be
included in the line subroutine because there is only one call to display. However,
display illustrates FIXED DECIMAL parameter passing mechanisms and serves to break
the program into smaller, more readable, segments. Again, you should compare the
format specifications in the display subroutine with the actual program output.

The statement on line 120 then checks for the end of fiscal year, m = fm, and, if
the display mode is either 1 or 2, LOAN2 prints a yearly interest summary using the
summary subroutine. Summary in turn, calls the current_year subroutine to write the
yearly interest paid, IP-YIN. The assignment on line 161 retains the base value for the
next year’s display in YIN.
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If the fiscal year does not end in December, fm< 12, current_year splits the interest
rate payment between two calendar years, yp = y - 1. Again, you could combine
current_year with the summary subroutine without changing the overall program logic.

The end of the main loop, between lines 131 and 136, contains statements that
finalize the report. If you select the abbreviated display format, dl = 0, the CALL
statement on line 132 invokes LINE and prints a line of dashes to complete the display.
Otherwise, LOAN 2 checks to ensure there have been intervening output lines ( end). If
there have been, it prints an interest summary on line 130. Finally, control returns to the
top of the DO-group, and LOAN2 reads additional input parameters.

A>loan2
403
404 SUMMARY 0F PAYMENTS
405
409 Qutput File Name
401 Principral 3000
402 Interest 14
403 Payment 144,03
404 ZInflation Q
405 Starting Month 11
406 Starting Year 80
407 Fiscal Month 12
408
409 Display Level
410 Yr Results : 0O
a1t Yr Interest: !
aiz All Values : 2 0
413
414
L3 et e e TR
416 | LOAN PAYMENT SUMMARY H
LS O A i e R e T R PP
418 | Interest Rate 14.00% Inflation Rate 00.00% H
115 e e R
420 iDate i{Principal 1Plus InterestiPayment I(Principal PaidiInterest Paid!
L e R e e
422 t12/80i¢ 2.:890.971¢ 33.73!% 144.031% 219.331% 68,731
423 112/814%  14479.021% 17.261% 144,03:% 1,647.,75'¢% 368.67!
424 111/821% 0.,251% 0.,001% 0.251% 3:000.001% 456,971
14 T L e L L

Listing 16-6. First Interaction with LOAN2
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OQutput File Name

Princiral ’
Interest '
Payment +

LiInflation ’
Startind Month '
Starting Year 1
Fiscal Month ’

Display Level
Yr Results

0
Yr Interest: 1
All Values : 2

i Interest Rate 14,00% Inflation Rate 00.00% |
IDate 1Princiral iPlus Interest iPavwent iPrinciral Paidilnterest Paidi
i12/80is 2,830,873 33.731s 142.03is 2193318 58731
U lnterest Paid During ‘B0-'80 is 0.3
112/ 1.478.02i8  17.281% 160.03is  1,847.75is  368.67 |
L nterest Paid Durins 'Bi'Bl is s209.00
sz ouasis 0.0018 0.25is  3,000.00is  456.97 |
© lnterest Paid During 'B2-'82 is se8.30

Listing 16-7. Second Interaction with LOAN2
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Output File Name

Princiral ’
Interest '
Payment ’
LInflation ’
Starting Month ’
Starting Year '
Fiscal Month »

Display Level

Yr Results : O
Yr Interest: 1
All Values : 2 2

‘Date iPrincipal (Plus Interest !Pavment i{Principal PaidiInterest Paid

i111/B0t$ 3,000.00:!% 35.00 1% 144,03:% 109.031¢ 35,001
112/801% 2:890.971% 33.73 1% 144.03:% 219.33:% 68,731
H Interest Paid Durind '80-'B0 is $68.,73 !
101/811¢ 2,780.B71% 32.,441% 144.031% 330.92:% 101,171
102/811% 2,669.081¢% 31.141% 144.,031% 443,811 132,311
103/811% 2,556.191% 29.82i% 144.,03:!% 558.021¢% 162,131
104/811%  2:441,981% 28.49:% 144,03:% 673.561% 190,621
105/811% 2,326.44:% 27.141% 144.031% 790.451% 217,78}
106/811% 2,209.,551% 25,78i% 144.03'% 908.701¢% 243.54;
107/811% 2:081.30i% 24,401% 144,03:% 1+,028.331% 267.94;
108/811¢ 1:871.871¢% 23,001% 144,031% 1,149.361% 290,941
109/811¢ 1,850.641% 21,591% 144.03:% 1+271,801% 312,53
110/811% 1,728,201% 20,161% 144.,03:¢% 1:395.671% 332.69:
111/811% 1,604.331% 18,721¢ 144.031% 1+520,881% 351.41%
112/811%  14479.02'1% 17.261¢% 144.,03'% 1,647.751% 368.67!
H Interest Paid During ‘81-'B1 is $299.94 H
101/821% 1,352.25!% 15,781¢ 144,031% 1+776.001% 384.45;
102/821%  14224,001% 14,281% 144,031% 14905,751% 398.73!
103/821% 1,094,251% 12,771% 144,031¢% 2,037.011% 411,501
104/821% 962.,99:% 11.231%¢ 144,031% 2:169.81:¢% 422,731
105/821% 830.191% 9,69!% 144.031% 2+304.15:% 432,421
106/821¢ 695.85:¢ 8.121% 144.03i% 2+440.06!% 440,54
107/821% 559.94:% 6.53i% 144,03'% 2:+577.561¢ 447.07}
10B/821¢ 422.445% 4,931% 144.03'% 2+716.66:% 452,00
109/82:% 283.341% 3.311% 144.03'% 24B57.381% 455,311
110/82:1% 142.621¢% 1,661% 144,03i% 2+999.751% 456,97
111/821% 0.251% 0.001% 0.,251% 3:000.001% 456,971
| Interest Paid During ‘B82-'82 is $88.,30

Listing 16-8. Third Interaction with LOAN2
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Output File Name

Princirpal ’
Interest '
Payment ’ 4
ZInflation 10
Starting Month '
Starting Year ’
Fiscal Month 10

Display Level
Yr Results

Yr Interest:
All Values :

N - O

iDate | Principal {Plus Interest! Pavyment i{Principal PaidiInterest Paidi

111/80:% 3,000,001¢% 35.00i% 144,03!% 109.03:% 35,00
112/801% 2+864.,85% 33.42:% 142.731% 217.351% 68,111
101/811% 24733.381% 31.881¢ 141.581% 325.291% 99.45!
102/811% 21602.35:1% 30.36i% 140,42i% 432.711% 128.,00!
103/811% 2+471.831% 28.831% 138.,27:% 539.601% 156.771
104/811% 2+341.85'% 27.32'% 13B.,121% 645.941% 182,80!
105/811% 2,212.441% 25.811¢ 136.971% 751.711% 207.081
106/811% 2,083.60:% 24,311% 135.,821% 856.901% 229.865!
107/811% 1,955,361% 22.811% 134.661!% 961.48:% 250,521
108/811¢ 1:829.701¢ 21.341% 133.651% 1,066.601% 269.99:
109/811% 1+702,581% 19.861¢ 132.50:% 14,170,051% 287.52!
110/81:1¢% 14576,111% 18.38i% 131.351¢ 14272.851% 303,41}
' Interest Paid During ‘BO-'B1 is $332.69 i
111/811% 1+451.911% 16.94i¢ 130,341% 1+376.481% 318.02!
112/811% 1,326.68:% 15.481¢ 129,191% 14478.031% 330.68:
101/821¢% 1:203.501¢ 14.041% 12B.181% 1/580.641% 342,161
102/821% 1,073.561% 12,591¢ 127,031% 1,680.87% 351.67!
103/82:¢% 957.461% 11.171¢ 126.021¢ 1,782.,381% 360,06
104/821% 835.871% 9.74i¢ 125,011% 1,883.39:% 366.,92!
105/82i% 714.79:% 8.34!%¢ 124,00:% 1,983.871% 372,311
106/821% 594.251% 6.931% 123.001% 2,083.811% 376,221
107/B21% 474.261% 5.531¢ 121.99!% 2,183.191¢ 378.66!
108/821% 354.841% a.141% 120.981% 2,281.98!% 379.68:
109/821% 236.021% 2,.751%¢ 119,87:% 2+380.19:1% 379.271
110/82:% 117.801¢ 1.371% 118.961% 2+477.791% 377.45!1
! Interest Paid During '‘81-'B2 is $124.28 H
111/821¢% 0.201¢ 0,008 0.201% 21457.001% 374,251
H Interest Paid During ‘81-'82 is $0,00 |

(L
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16.4 Computation of Depreciation Schedules

The final example of commercial processing involves evaluating depreciation sched-
ules. Listing 16-10 shows the program called DEPREC that reads several input values
and prints a table of output according to one of three different depreciation schedules:

B straight-line
® sum of the years
® double declining

The program also accounts for bonus depreciation during the first year, reduction
in taxable income due to sales tax, and investment tax credit on new or used equipment.

Listings 16-11 through 16-15 illustrate sample interaction with DEPREC using var-
ious input parameters.

16.4.1 General Algorithms

DEPREC uses the following general algorithms:

m Investment Tax Credit (ITC) is assumed to be 10% of the selling price applied to
the full price of new equipment, or up to $100,000 in the case of used equlpment
(See the %REPLACE statement, line 11.)

® Bonus depreciation is assumed to be 10% of the selling price, up to a maximum
of $2,000. (See lines 12 and 13.)

® Under all three depreciation schedules, the amount to depreciate is taken as the
difference between the selling price, minus the bonus depreciation, and the
residual value of the equipment.

® Under all three schedules, the depreciation value computed for the first year is
prorated by month through the remainder of the fiscal year, not including bonus
depreciation.
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16.4 Computation of Depreciation Schedules

B In straight-line depreciation, the amount to depreciate is spread uniformly over

the number of years in which the depreciation occurs.

B For the sum of the years, the year values are summed starting at 1, through the

number of years in which depreciation takes place:

ys =1+ 2+ 3 + ... + years

8 The depreciation is distributed over the total number of years by computing

years/ys multiplied by the depreciation value for the first year, (years-1)/ys
multiplied by the remainder for the second year, and so forth, until the last
year, in which 1/ys multiplied by the remaining depreciation value is taken.

® For double declining, yearly depreciation is computed as the book value divided

by the number of years, which is then multiplied by 2 for new equipment, or
1.5 if the equipment is used.

DEPREC first reads the selling price, residual value, percentage sales tax, the per-
centage income tax bracket, the number of months remaining in the current fiscal year,
and the number of years in which to depreciate the equipment. It then asks whether
the equipment is new or used, and reads the depreciation schedule code for the sub-
sequent report.

[+ IR v I ¥ R S R

— e b
B W - O W

L= =g = i = i = S < S = TR TR TR TR - TR 1)

JHEREREERERRFFRERR AR ERRE AR R R R R R RRRE RN AR RN RR RN AR/
/% This prodram calculates three Kinds of depreciation */
/% schedules: straidht_lines sum-_of_the_vearss and */
/% double_declining, */
JHRERREEREERRERRFEREERRRERRRERRRRHRRRRRERRR AR R AR R RN RN/
depreciate:
procedure options(main)j
trerlace
clear_screen by ‘"z’
indent by 15
ITC_rate by 1y
bonus_rate by .1
bonus_max by 2000}

Listing 16-10. The DEPREC Program
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15 b declare

16 b selling price decimal(8:2),

17 b addusted_price decimal(B,2),

i8 b residual _value decimal(8,2),

18 b vear_value decimal(B,2),

20 b depreciation_value decimal(8.:2),
21 b total_depreciation decimal(B8,2),
22 b book_value decimal(B,2),

23 b tax_rate decimal(3+2),

24 b sales_tax decimal(B8,2),

25 b tax_bracKket decimal(2),

26 b FYD decimal(B:2),

27 b ITC decimal(8:2),

2B b bonus_dep decimal(8,2),

28 b months_remaining decimal(2),

30 b new character(d),

31 b factor decimal(24+1),

32 b vears decimal(2);

33 b year_sum decimal(3)

34 b current_vear decimal(2),

35 b select_sched character(1)3i

36 b

37 b declare

38 b copy_to_list character(d),

39 b output file variable,

40 b {sysprinty list) filei

41 b

42 b declare

43 b schedules character(3) static initial (‘svyd’),
44 b schedule (0:3) entry variables
45 b

48 b schedule (0) = errori

47 b schedule (1) = straight_line}

48 b schedule (2) = sum_of vearss$

48 b schedule (3) = double decliningi

50 b

31 b oren file (svsprint) stream print pagdesize(0)
32 b title (‘$con’)i

53 b

Listing 16-10. (continued)
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S]]

62
63
G4
63
66
67
68
G9
70
71
72
73
74
73
78
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
a5
96
97

oo 000000000000 o0o0o0o0o000o00000o0o0o0o0o0o0a0ono0o0o0o0o0onoaoo

— do while(*1/b)3
put list(clear_screeny'"i"i"iDepreciation Schedule’)j
Put sKip(3) list('"i"iSellindg Price? ')}
det list{selling_price);
put list(‘'"i"iResidual Yalue? /)3
det list(residual_value)s
put list('"i"iSales Tax (¥)7? /)i
det list{tax_rate)s
put list(‘'"i“iTax Bracket(%)? )3}
det list(tax_bracket)}
put list(*“i“iProRate Months? ‘)j
det list(months_remaining)3
put list('“i"iHow Many Years? /)3
det list(vears)i
put list(*“i"iNew? (ves/no) R
det list(new)s
put edit(*"i"iSchedule: ',
‘"i"iStraidht (s) "y
i“iSum-of-Yrs (v) ',
“17iDouble Dec (d)? ') (assKir)i
det list(select sched)i
put list('"i"ilist? (ves/no) )}
get list(copy_to_list)s
if copy_to list = ‘ves’ then
open file(list) stream print title( $lst’);
factor = 1,53
if new = ‘ves’ then
factor = 2,0%
sales_tax = decimal(selling price¥tax_rate12,2)/100+,005}
if new = ‘ves’ | selling price <= 100000.00 then
[: ITC = sellind_price # ITC rate}
else
ITC = 100000 * ITC rates$
bornus_dep = sellind_price # bonus_ratesd
if bonus_der > bonus_max then
bonus_dep = bonus_maxi
Put list(clear_screen);i
call displav(sysprint)]i
if copvy_to_list = ‘ves’ then
call displav(list)i
put skip list{‘'"i"i"i Tyrpe RETURN to Continue’)3
det sKir(2)3
L endsj

Listing 16-10. (continued)
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JREREEEEREEEEERRREREREEF LR REEERRFREER AR ERERRRARRRR/

98 b

99 b /% This procedure diseplavs the various depreciation */
100 b /% schedules. It calls the arppropriate schedule with */
101 b /% an index into an array of entry constants. . */
102 b JREREREREREERRERRARFRRRERRRERAFRRRRRRRRF AR RKRRERRRRRRN/
103 b displavy:

104 ¢ procedure(f);

105 ¢ declare

106 ¢ f files

107 ¢ output = f3

108 ¢ call schedule (index (schedulessselect_sched))i

109 ¢ end displavys

110 b

111 b JRERERFERRFFRRARRAFRRRFRRRFRRARRRRRRARERRRRNR/

112 b /% This is a dlobal error recovery routine, ¥/

113 b JEERERRRRERFRERRRRR R ERRR R R AR R RN RRRRRR/

114 b error:

115 ¢ procedures

116 ¢ put file (output) edit{‘Invalid Schedule - Enter s+ v or d’)
117 ¢ (padescolumn(indent) »x(B)ral}i

118 ¢ call line()3

119 ¢ end errors

120 b

121 b JEEERKERERRRRERRARR AR RERARARFRERRRRARRFRRRFRRRRR RN RN/
122 b /% This procedure computes straight_line depreciation., */
123 b JHEFEREREREREERERRRRERRERRAEFRRRRRRRRRRRERARRERARRRRRRHNN/
124 b~ straight_line:

125 ¢ rrocedured

126 ¢ adJjusted_price = selling price - bonus_ders

127 ¢ put file (output) edit(‘S TRA I GHT L INE')
128 ¢ (pagescolumn(indent) sx(14)sa)}

129 ¢ call header()} '

130 ¢ depreciation_value = adJjusted_price - residual_valuei
131 ¢ book_value = adjusted_pricei

132 ¢ total_depreciation = 0i

Listing 16-10. (continued)
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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
158
158
160
161
162
163
164

A aaon0o0o0o00o00007ToO0 D0 oo 0 oaa@aooa®Mm®oaaa

— do current_vear = 1 to vearsi

vear_value = decimal(derreciation_value/vears,8/+2) + 00
if current_vear = | then
dos
vyear_value = year_value * months_remaining / 123
FYD = vear_ valuej
endj

depreciation_value = depreciation_value - vear_valuej
total_depreciation = total_depreciation + vear_valuej
book_value = adjusted price - total depreciationi

L_ call print_line()3

endj
call summary ()]

L end straight linei

R L T e T ey
/% This procedure computes depreciation based on */
/% the sum_of_the_vears. */
A R T Y
— sum_of_ vears:
procedures’
adjusted _price = selling_price - bonus_depi
put file (output) edit(‘5 UM OF THE VYEARSE"
(pagescalumn(indent) yx(11)a)3
call header()j
depreciation_value = adJdusted price - residual_valuej
book_value = addjusted pricej
total_depreciation = 03
vear_sum = 0}
do current_vear = 1 to vearsi
[: year_sum = year_sum + current_vears

end}

Listing 16-10. (continued)

33
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165 ¢

166 d — do current_vear = 1 to vears$

167 d vear_value = decimal(depreciation_value #

168 d (vears - current_vear + 1),1242)/ vear_sum + ,005}
169 4 if current_vear = 1 then

170 e doi

171 e vear_value = vear_value * months_remaining / 123
172 e FYD = vear_valuej

173 ¢ endi

174 d derreciation_value = depreciation_value - vear_valuei
175 4 total_derreciation = total_depreciation + vear_values
176 4 book_value = adjusted_price - total depreciationi

177 d call erint_line()}

178 d — end}

179 ¢ call summary ()i

180 ¢ - end sum_of_vearsi

iB1 b

182 b [RERERERERERRRRE R EERERRER AR RRR AR R RRRRRR NN/

183 b /% This procedure computes double_declining *#/

184 b /¥ depreciation. */

185 b JERRERERRERERRFRERERK AR RRRERRRRRER R AR AR RN/

186 b — double _declining:

187 ¢ procedures

188 ¢ adJusted_price = sellind_price - bonus_derj

189 ¢ put file (outeput) edit(*D O U B L E DECLINING?
190 ¢ (padercolumn(indent)sx(10)sa)i

191 ¢ call header()}

192 ¢ depreciation_value = adjusted Price - residual_values
193 ¢ book_value = addusted price}

194 o total_depreciation = 03

185 d — do current_vear = 1 to vears

196 d while (depreciation_value > 0)3j

197 d vear_value = decimal(book_value/vearssB8:2) * factor+,005;
188 d if current_vear = 1 then

199 e doi

200 e vear_value = vear_value * months_remaining / 123
201 e FYD = vear_valuei

202 e endj

203 d if vear_value » depreciation_value then

204 d vear_value = depreciation_value}

205 d derreciation_value = depreciation_value - vear_valuej
206 d total deereciation = total_depreciation + vear_valuej
207 d book_value = adjusted_price - total_depreciationj

208 d call print_line()3§

208 d — endj

210 ¢ call summary ()}

211 ¢ end double_decliningsj

212 b

Listing 16-10. (continued)
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213
214
215
218
217
718
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
248
247
248
249
250
251
252
253
254
255

o0 0 000000 DS Do oo oo o0nno0oonoeooonoonononooononoo T oo

JHRERERERERRRERREFRRREREREERRERRRRRRREERRRRRH RN R R NN/
/% This procedure Prints an ocutput header record, */
JHRREREREERERERREE RN EREER R RRRRRRRR AR IR KRN/
— header:
procedures
declare
new_or_used character(3)}

new _or_used = ' New'j
else

new_or_used = ' Used's
put file (output) edit(

[:if new = ‘ves’ then

‘i1’yselling pricet+sales_taxsnew_or_used:
residual_values’ Residual Valuei':
‘1'smonths_remainind,’ Months Left ',
tax_rates'¥% Tax’stax_bracket 'Z Tax Bracketi’)
(2(skirscolumn(indent) sa),
Z(Pp BH$,$$%,$$9,V99" sa)

skirscolumn(indent) rarx(5)sf(2)ras2(x{(2)p'BYI " 1a))j
put file (output) edit(

Y | Depreciation | Depreciation Book Value
o H

For Year Remaining

(skirpscolumn(indent) sa)s

— end headersi

JHERERERERRFRERERRRERRRARRERRXARRRRRERRFR AR/
/% This procedure Prints the current line, %/
JREEREEREEREREERRRERRRERRRERRARRRAERERRRRRRR/
— Print_line:
procedures’
put file (output] edit(
‘ifscurrent_veary
svear_value
sdepreciation_value
i “sbook_values’ 1)
(skipscolumn(indent)sa f(2)sd(asp $zszzzz280,897))3
L—end pPrint_lines}

o
'

o
'
i

’

Listing 16-10. (continued)
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JHERERREEERRREEER RN EEE AR RREERRHERRRRAERRERERRRNRR/

256 b

257 b /% This procedure Prints the summary of values for */

238 b /% each tyre of derreciation schedule, */

259 b JRERERREHRRERRE R AR RRERER RN FERRRHERER RN ERRRRNNR/

260 b,—summary:

261 ¢ procedure’

262 ¢ declare

263 ¢ add_ITC decimal(B4s2),

2684 ¢ total decimal(B8:2),

263 © direct decimal{Bs2)3

266 ¢

267 ¢ call line()3J

Z68 ¢ add_ITC = ITC * 100 / tax_brackets

269 ¢ total = FYD + sales_tax + add ITC + bonus_dee}

270 ¢ direct = total # tax_bracket / 1003

271 ¢ put file (output) edit(

272 ¢ M First Year Reduction in Taxable Income [
273 ¢ B e "y
274 ¢ A Derpreciation " 4FYD» )
275 ¢ ‘i Sales Tax ‘ ssales_taxsy ‘17,
276 ¢ Vi ITC (Addusted) ‘ yadJ_ITC i
277 ¢ A Bonus Derreciation ' sbonus_deryr 17
278 ¢ R T )
279 © ‘i Total for First Year ' stotal, i
280 ¢ N Direct Reduction in Tax ’ sdirect Y1)
281 ¢ (2(skirscolumn{indent)sa)+2(4(skirscolumn(indent) sa
282 ¢ P $zszzz+2zBv, 89" 4x(3)sa)ssKkirscolumn(indent)sa))s
283 ¢ call line()3§

284 cl—end summary?

285 b

286 b [EERERRERRRERE AR HFRERRAR AR RRRERENR R R RSN/

287 b /% This procedure prints a line of dashes, */

288 b JEERERRRRERFRF R AR RN E R R AR RRRRRRRRRRRRRR NN/

289 b line:

290 ¢ procedure’

291 ¢ put file (outpPut) edit(

292 ¢ et i ")
293 ¢ {skirpscolumn(indent) sa)i

294 ¢ end lines

295 b

296 b )

297 b end depreciates

Listing 16-10. (continued)
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16.4.2 Selecting the Schedule

There are two constructs in DEPREC that merit special consideration.

DEPREC uses an array of ENTRY variables to select one of three schedules. Line
42 defines the array with a subscript range of zero to three. Lines 46 to 49 initialize
the individual elements of the array, and allow indirect calls to either the ERROR
subroutine or one of the depreciation schedule handling subroutines. The actual calls
to the subroutines occur later in the program.

The schedule selection takes place on line 74, where DEPREC reads one of the
characters s, y, or d from the console into the character variable select_sched. Line 93
then invokes the DISPLAY subroutine which performs the actual dispatch to the sched-
ule handler with the statement on line 108:

call schedule (index (schedulessselect sched))’

This particular statement works as follows. Line 43 defines the variable schedules,
and initializes them to the character string ‘syd’, where each letter corresponds to one
of the schedule-handling following subroutines:

syd
123

double_declining
sum_of_years
straight_line
Therefore, the statement
call schedule (index(schedulessselect sched)) i
is equivalent to,

call schedule (index(svdsselect sched))?

and for the valid inputs s, y, or d, produces 1, 2, or 3 re-spectively.
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Thus, if select_sched is s, the call statement evaluates to,
call schedule(1)3

which calls the subroutine STRAIGHT _LINE. Similatly, an input of y or d evaluates
to,

call schedule(2)3 or call schedule(3)3
producing a call to SUM_OF_YEARS or DOUBLE_DECLINING respectively.

If the value of select_sched is not s, y, or d, then the INDEX function returns a zero
value. All invalid character input values produce,

call schedule(0)3
which calls the ERROR subroutine and prints the error message.

16.4.3 Displaying the Output
Another construct of DEPREC is the output file variable, defined on line 39. During
the parameter input phase, DEPREC prompts you with:

List? (ves/na)

A yes response sends the output from the program to both the console and the list
device.

Line 40 declares two file constants, sysprint and list, to address the console and the
list device. DEPREC first opens the console file, line 51, using an infinite page length
to avoid form-feed characters.
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On any iteration of the main DO-group, if you give an affirmative response on line
77, DEPREC subsequently opens the list device, line 78. This statement can be executed
several times during a particular execution of the program, but only the first OPEN
statement has any effect; PL/l ignores the OPEN statement if the file is already open.

Line 91 calls the DISPLAY subroutine to compute and display the output report for
a specific set of input values. DISPLAY has a single actual parameter consisting of the
file constant sysprint that is defined as the formal parameter f on line 104. Line 107
assigns the formal parameter to the global variable output. Subsequent PUT statements
write data to the console, producing the first report.

On line 92, if the variable copy_to_list has the character value yes, then DEPREC
calls DISPLAY once again. This time, the actual parameter is list, corresponding to the
system list device. Thus, the output file variable is indirectly assigned the value list,
and all PUT statements that reference file output send data to the printer. This results
in both a soft and hard copy of the report.

DEPREC uses several different forms of decimal arithmetic. Examine the various
declarations while cross-checking the output formats with the displayed results.
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Arderrec
Depreciation Schedule

Selling Price? 200000
Residual Value? 40000
Sales Tax ()7 [

Tax Bracket(%)? 50
ProRate Months? 10
How Many Years? 7
New? (ves/no) no
Schedule:

Straight (s)
Sum-o0f-Yrs (v)

Double Dec (d4)? d
List? (ves/no) no

DOUBLE DECLINTING
i $2124+000,00 Used $40,000,00 Residual Value!
H 10 Months Left 0B% Tax 50% Tax Bracket!
Depreciation

¥ | Depreciation
i Remaining

For Year
114 35:357.14 1$¢ 122,642,868 1$ 162.:642.86 !
2 % 34+852.04 % 87,790,822 1% 127,790.82
3 1% 27+383.75 1% 60,407,07 1% 100,407.,07
4 1% 214515.78 1% 38:891.28 1% 78,8981,28
S 1% 16+905.27 1% 21,986.01 1% 51,986,01
B % 13:282.71 1% B8,703.30 1% 48,703.30 |
7 1% 8+703.,30 1% 0,00 1% 40,000,00 !

H First Year Reduction in Taxable Income i

Depreciation $ 35:357.14 ;
Sales Tax $ 124000,00

ITC (AdJusted) $ 204000,00 !
Bonus Derreciation $ 24000,00 1
Total for First Year $ 69:357.14 |
Direct Reduction in Tax $ 34:678,57 i

Listing 16-11. First Interaction with DEPREC
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Selling Price?
Residual Yalue?
Sales Tax (72)7 ’
Tax BracKket(%)?
ProRate Months? &
How Manvy Years?
New? (rves/no) yes
Schedule:

Straidght (s)
Sum-of-Yrs (v)
Double Dec (d)7? »
List? {(ves/no) no

H $2124000,00 New
H 8 Months Left

Derpreciation
Sales Tax
ITC (AdJusted?

Depreciation Schedule

$40,000,0
0B% Tax

Remaining

84,978.74
724+838.92
65,034,795
50,389.41
384+232.65

i Y | Depreciation | Depreciation
I For Year i

HES RS ] 26+333.33 ¢ 131+666.,67
P20 284+214,29 1% 103,452,38
HERCIE 18+473.64 1%

HE S ] 2,139.82 1%

P50 7+804,17 1%

R ] 4,645,334 1%

AR ] 2+156.76 1'%

| First Year Reduction in Ta

Total for First Year

1
H
:
i
1
| Bonus Derpreciation
;
H
.
|
\
i

Direct Reduction

Listing 16-12.
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0 Residual VYalue!
30% Tax Bracketi

'$ 1714666.67
i$ 143.+452.38 |
i 1244978.74
i$ 112,838,982 1
16 105,034,735 1
¢ 100,389.41 1
1% 98,232,655 |

xable Income H

$ 26+333.,33 i
% 24+000,00 i
% 40,000,00 i
$ 2,000.,00 :
$ 80,333.33 i
$ 40,166.66 i

Second Interaction with DEPREC
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Depreciation Schedule

Selling Price? 310000
Residual Yalue? 30000
Sales Tax (%4}7 +

Tax Bracket(%)?
ProRate Months? I
How Many Years? 5
New? (vyes/no) ves
Schedule:

Straight (s)
Sum-of-Yrs (v)
Double Dec (d)? 4
List? (vyes/no) no

e
“

$328:600,00 New $3049000,00 Residual Value!
12 Months Left 0B% Tax 50% Tax BracKet!
Derreciation | Depreciation
For Year ! Remaining
1 0% 123,200,00 1% 154.800,00 1% 184.800,00 |
2% 73,920,00 1% 80,880,00 % 110,880,00 |
1308 444352.00 [$ 36,528,00 1% 86.528,00 1
S ] 26,611,220 1% 9,916.,80 1% 39,916.80 |
15 1% 9,916.,80 1% 0,00 1% 30,000.00 |

H First Year Reduction in Taxable Income H

i Depreciation $ 123,200.00 1
i Sales Tax $ 18+600,00 }
i ITC (AdJusted) $ 621+000,00 !
! Bonus Depreciation $ 2+000,00 i

Total for First Year $ 205:800.00
Direct Reduction in Tax $ 102,800,00

Listing 16-13. Third Interaction with DEPREC
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Selling Price?
Residual Value?
Sales Tax (%7
Tax Bracket(Z)?
ProRate Months?
How Many Years?
New? (ves/no)
Schedule:
Straight (s)
Sum-of-Yrs (v)
Double Dec (d)7
List? (ves/no)

)

16.4 Computation of Depreciation Schedules

551 Depreciation Schedule

’

TRAIGHT

L INE

H $328+600,00 New
! 12 Months Left

$30,000.,0
0B% Tax

0 Residual Valuel
50% Tax Bracket!

|
|
rot For Year

Depreciation | Depreciation
1
'

Remaining

Book Value |

i$ 55,600,000 1%  222,400,00
i 44,480,000 % 177,920.00

1% 28,467.20 1% 113,868.80

HED |
P2
1308 35.584.00 14 142,336.00
14
iS5

&3 22+773.76 1%

91,095.04

1§ 252,400,001
1% 207,920,001
1% 172,336.00 1
i$ 143,868.80 1
¢ 121,085.04 1

Derreciation

Sales Tax

ITC (Addusted)

Total for

)
1
i
H
H
H Bonus Derreciation
I
H
\
i
\
1

First Year

Direct Reduction in Tax

55:600.,00 i
184+600,00 i
62,000.00 i
23000.00 i
$ 138,200.00 i
$ 69+100,00 i

Listing 16-14. Fourth Interaction with DEPREC

End of Section 16

References: Sections 3.1, 3.5, 4.2, 11.3 LRM
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Section 17
Internal Data Representation

This section describes how PL/I represents data internally. This knowledge is vital
when using based variables to overlay storage so you do not destroy adjacent storage
locations. Knowledge of the internal data representation is also useful when so you
want to interface assembly language routines with high-level language programs and
the PL/I Run-time Subroutine Library.

Note: the discussion in this section applies to the implementation of PL/I for both 8-
bit and 16-bit processors.

17.1 FIXED BINARY Representation

PL/I stores FIXED BINARY data in one of two forms, depending upon the declared
precision. It stores FIXED BINARY values with precision 1-7 in single-byte locations,
and values with precision 8-15 in a word (double-byte) location. With multibyte storage,
PL/I stores the least significant byte first.

PL/I represents all FIXED BINARY data in two’s complement form, allowing single-
byte values in the range -128 to + 127, and word values in the range -32768 to +32767.

The following figure shows the representation of storage in both single-byte and
double-byte locations for the values 0, 1, and -1. Each boxed value represents a byte
of memory, and is shown in both binary and hexadecimal values.

FIXED BINARY(7) FIXED BINARY(15)
0000 0000 0000 0000|0000 0000
00 | 00{00

Figure 17-1. FIXED BINARY Representation
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FIXED BINARY(7) FIXED BINARY(1S)
0000 0001 0000 0001{0000 0000
01 01|00

FIXED BINARY(7) FIXED BINARY(1S)
1111 1110 1111 1110{1111 1111
FE| FE |FF

17.2 FLOAT BINARY Representation

PL/I stores single-precision floating-point binary numbers in four consecutive bytes.
The 32 bits contain the following fields: a 23-bit mantissa, a sign bit, and an 8-bit
exponent. The least significant byte of the mantissa appears first in memory.

exponent |s mantissa

32 23 22 0
Figure 17-2. Single-precision Floating-point Binary
PL/I normalizes floating-point numbers so the most significant bit of the mantissa is
always 1 for nonzero numbers. Because the most significant bit of the mantissa must

be 1 for nonzero numbers, PL/I replaces this bit position with the sign. PL/I represents
a zero mantissa with an exponent byte of 00.
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In order to make certain kinds of comparisons easier, the binary exponent byte has
a bias of 80 (hexadecimal), so that 81 represents an exponent of 1 while 7F represents
an exponent of -1.

Suppose a floating-point binary value appears in memory as shown in the following
example:

00004081

Low High
In this case, the mantissa is a bit stream of the form
4 0
0100 0000 . . .

and the high-order bit equal to zero indicates that the mantissa sign is positive. Nor-
malizing the number produces the bit stream:

1100 0000 . . .

The exponent 81 has a bias of 80, so the binary exponent is 1. This means that the
binary point is one position to the right, resulting in the binary value

1 100 0000 . . .

1 1 in binary represents 20 2°'; therefore 1 1 base 2 is equivalent to 1.5 base 10.

00 00 40 81

is the floating-point binary representation of the decimal number 1.5.
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PL/1 stores double-precision floating-point binary numbers in eight consecutive bytes.
The 64 bits contain the following fields: a 52-bit mantissa, an 11-bit exponent with a
bias of 3FF(hexadecimal), and a sign-bit.

1
Ls exponent mantissa <

63 62 51 0
Figure 17-3. Double-precision Floating-Point Binary

For example, suppose that a floating-point binary value appears in memory as shown
in the following:

00100{00|00|00|CO}{ 43|C0

Low High
In this case, the mantissa is a bit stream of the form,

3 C 0
0011 1100 0000 . . .

Normalizing the number produces,
1001 1110 0000 . . .

The exponent evaluates as follows:
C 0 4
1100 0000 0100

The high-order bit is 1 so the sign is negative. Ignoring the sign bit yields an exponent
of,

4 0 4
0100 0000 0100
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which has a bias of 3FF, so the real exponent is,

404
— 3FF
5

Therefore, the binary number is,

1001 11 10 0000 . . .

which is 39.5 in decimal. Thus, the eight-byte value,
00 00 00 00 00 CO 43 CO
is the double-precision float-binary representation of the decimal number -39.5.

17.3 FIXED DECIMAL Representation

PL/I stores FIXED DECIMAL data items in packed BCD (Binary Coded Decimal)
form. Each BCD digit occupies a half-byte, or nibble. PL/I stores the least significant
BCD pair first, with one BCD digit position reserved for the sign. Positive numbers
have a O sign, while negative numbers have a 9 in the high-order sign digit position.

The number of bytes occupied by a FIXED DECIMAL number depends upon its
declared precision. Given a decimal number with precision p, PL/I reserves a number
of bytes equal to:

FLOOR((p + 2)72)

where p varies between 1 and 15. This results in a minimum of 1 byte and a maximum
of 8 bytes to hold a FIXED DECIMAL data item.

For example, if you declare the number 12345 with precision 5, then PL/I reserves
FLOOR((S + 2)/2) = 3 bytes of storage and represents the number as:

45 23 01
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PL/I stores negative FIXED DECIMAL numbers in ten’s complement form. To derive
the ten’s complement of a number, first derive the nine’s complement and then add 1
to the result. For example, the number -2 expressed in ten’s complement is,

9-2)+1=238
Adding the sign digit gives,
98

If you declare -2 with precision 5, then PL/I represents it as:

98 99 99

17.4 CHARACTER Representation

PL/I stores character data in one of two forms, depending upon the declaration. It
stores fixed-length character strings, declared as CHARACTER(n) in n contiguous
bytes, with the first character in the string stored lowest in memory.

PL/ reserves n+ 1 bytes for variables declared as CHARACTER (n) VARYING with
the extra byte holding the character string’s length, ranging from 0 to 254. The max-
imum length of either type of string is 254 characters.

As an example, suppose the variable A is declared as CHARACTER(20). The assignment
A = ‘Walla Walla Wash'3
results in the following storage allocation,

WallabWallabWashxxxx

where b represents a blank, and x represents an undefined character position. If A is
declared as CHARACTER(20) VARYING data, PL/I stores the same string as

1I0WallabWallabWashxxxx

where 10 is the (hexadecimal) string length.
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17.5 BIT Representation

PL/I represents bit-string data in two forms, depending upon the declared precision.
It stores bit strings of length 1-8 in a single byte, and bit strings of length 9-16 in a
word (double-byte) value. PL/I stores the least significant byte of a word value first in
memory. Bit values are stored left-justified, and if the precision is not exactly 8 or 16
bits, the bits to the right are ignored.

The following figure shows the storage for the bit-string constant values ‘1°’b, ‘A0’b4,
and ‘1234°b4 in both single- and double-byte locations. Each boxed value represents
a byte.

BIT(8) BIT(16)

0000 0001 0000 00000000 0001
BIT(8) BIT(16)

1010 0000 0000 0000{1010 0000
BIT(8) ' BIT(16)
N/A 0011 0100{0001 ooﬂ

Figure 17-4. Bit-string Data Representation

17.6 POINTER, ENTRY and LABEL Data

PL/I stores variables that provide access to memory addresses as two contiguous
bytes, with the low-order byte stored first. POINTER, ENTRY, and LABEL data items
appear as

LS MS

Figure 17-5. POINTER, ENTRY, and LABEL Data Storage

where LS denotes the least significant half of the address, and MS denotes the most
significant portion. MS contains the page address, where each memory page is 256
bytes, and LS contains the offset within the page.
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17.7 File Constant Representation

PL/1 associates each file constant with a File Parameter Block (FPB). The FPB occupies
57 contiguous bytes containing various fields, some of which are implementation
dependent.
Note: each file declaration causes a static allocation for the associated FPB. When you
open the file, there is an additional overhead of 50 bytes, including the operating
system’s FCB and the amount specified for buffer space. The run-time system dynam-
ically allocates this storage from the free storage area.
17.8 Aggregate Storage

PL/I stores aggregate data items contiguously with no filler bytes. Bit data is always
stored unaligned. Arrays are stored in row-major order, with the rightmost subscript
varying fastest.
For example, the declaration

declare A(24+2:2) 5

results in the following storage allocation:

1,1,111,1,21,2,1(1,2,2{2,1,12,1,2(2,2,1{2,2,2
low high

Figure 17-6. Aggregate Storage

End of Section 17
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Section 18
Interface Conventions

This section describes a standard set of conventions for interfacing PL/I programs
with assembly language routines and with programs written in other high-level lan-
guages. This section also describes the mechanism for making direct operating system
calls using a set of optional subroutines not included in the Run-time Subroutine
Library.

18.1 Parameter Passing Conventions

You can pass parameters between a PL/I program and an assembly language routine
by loading a register pair with the address of a Parameter Block containing pointer
values. These pointers in turn lead to the actual parameter values. The number of
parameters and the parameter length and type must be determined implicitly by agree-
ment between the calling program and called subroutine. The following figure illustrates

the concept. The address fields are arbitrary.

Register pair Parameter Block Actual Parameters

HL (8080)/71000: 2000 |———~2000: | parameter 1
1000 3000 \
BX (8086) 4000 3000:

parameter 2

4000: | parameter 3

5000

wn
o
0
=
o}
>
o

5000: | parameter n

Figure 18-1. PL/I Parameter Passing Mechanism
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The following example illustrates this parameter passing mechanism. Suppose a
PL/I program uses a considerable number of floating-point divide operations, where
each division is by a power of two. Suppose also that the iterative loop where the
divisions occur is speed-critical, and that it is useful to have an assembly language
subroutine to perform the division.

The assembly language routine simply decreases the binary exponent of the floating-
point number for each power of two in the division. Decreasing the exponent effectively
performs the divide operation without the overhead involved in unpacking the number,
performing the general division operation, and repacking the result. During the division,
the assembly language routine can produce underflow, and must signal the UNDER-
FLOW condition to the PL/I program if this occurs.

The following three listings show programs that demonstrate parameter passing.
Listing 18-1 shows the program DTEST, which tests the division operation. Listing
18-2 shows DIV2.ASM, the 8080 assembly language subroutine that performs the
division. On line 8, DTEST defines DIV2 as an external entry constant with two
parameters: a FIXED(7) and a floating-point binary value. Listing 18-3 shows
DIV2.A86, which is the same subroutine in 8086 assembly language.

On each iteration of the DO-group, DTEST stores the test value 100 into f (line 13),
and passes it to the DIV2 subroutine (line 14). At each call to DIV2, DTEST changes
the value of f to f/(2**i) and prints it using a PUT statement. At the point of call,
DIV2 receives two addresses that correspond to the two parameters i and f.

Upon entry, DIV2 loads the value of i to the accumulator, and sets the appropriate
register pair to point to the exponent field of the input floating-point number. If the
exponent is zero, DIV2 returns immediately, because the resulting value is zero.

Otherwise, the subroutine loops at the label dby2 while counting down the exponent
as the power of two diminishes to zero. If the exponent reaches zero during this counting
process, DIV2 signals the UNDERFLOW condition.

In DIV2, the call to ?signal demonstrates the assembly language format for param-
eters that use the interface. The ?signal subroutine is part of the PL/I Run-time Sub-
routine Library (PLILIB.IRL).

This subroutine loads the appropriate register pair with the address of the Signal
Parameter List, denoted by siglst. The Signal Parameter List, in turn, is a Parameter
Block of four addresses leading to the signal code sigcode, the signal subcode sigsub,
the filename indicator sigfil (not used here), and the auxiliary message sigaux that is
the last parameter.
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The auxiliary message can provide additional information when an error occurs.
The signal subroutine prints the message until it either exhausts the string length (32,
in this case), or it encounters a binary 00 in the string,

Listing 18-4 shows the abbreviated output from this test program. The loop counter
i becomes negative when it reaches 128, but the DIV2 subroutine treats this value as
an unsigned magnitude value; thus UNDERFLOW occurs when i reaches —123.

1 a JRERERERERRREEERHEERERERERERRRRREERRERAFRRRRRERRRERARKR N/
2 a /% This program tests an assembly landuade routine to */
3 a /* do floatind-pPoint division, */
4 a JREERERREFEFFRRRAEREEFRERERR R RRERERRRRRRARRRRRERRHRA N/
S a—dtest:

B b procedure orPtions(main)i

7 b declare

B b divZ entry(fixed(7) float),

9 b i fixed(7),

10 b f floats

11 b

12 ¢ do i = 0 by 13

13 ¢ f = 1003

14 ¢ call div2(i.f)3

15 ¢ Put sKip list (100 / 2 *%',i,'="4F)]
16. ¢ endj

17 b

18 bL—end dtests

Listing 18-1. The DTEST Program
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title *division by Power of two'
public div2
extrn ?sidnal

i entry:
i pl -» fixed(7) Power of two
§ p2 -> floating-point number
i exit:
H prl -» (unchanded)
H r2 -3 P2 / (Z%%pl)
divZ: fHL = Jlow(.pr1)
mov e s ilow(sprl)
inx h fHL = +high(.r1)
mov dsm iDE = .pP1
inx h iHL = Jlow(Pr2)
ldax d ja = pl (power of two)
mov e s flow(ep2)
inx h SHL = +hidh(.pr2)
mov dsm iDE = P2

xchd iHL = P2

A = power of 2, HL = 10w bvte of fP num

-

inx h ito middle of mantissa
inx h ito hidh brte of mantissa
inx h ito exronent byte
inr m
der m ir2 already zera?
rz ireturn if so
dby2: idivide by two
ora a icounted power of 2 to zero?
rz ireturn if so
der a icount power of two down
der m- icount exronent down
dnz dby2 iloop adain if no underflow

Listing 18-2. DIV2.ASM Assembly Language Program (8080)
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junderflow occurred, signal underflow condition

sidlst:

)

sidecod:
sidsub:
sidfil:
sidaux:
undms gz

divZ:

Ixi
call
ret

dseqd
duw
dw
dw
dw

hysidlstisignal parameter list
?sidnal 3sidnal underflow
inormallys no return

sigcod jaddress of signal code
sidsub jaddress of subcode
sigfil Jaddress of file code
sidaux jaddress of aux messade

end of Parameter vectors start of Params

db
db
dw
dw
db
end

Routine
csed
public

extrn

entry:

exit:

mov

mov
lods

3 103 = underflow
128 jarbitrary subcode for id
0000 ino associated file name

undmsd §0000 if no aux messade
32 'Underflow in Divide by Two’:+0

Listing 18-2. (continued)

to divide sindle precision fleoat value by 2

divz
Psidgnalinear

pl -» fixed(7) pPower of two
p2 -» floatind Paint number

pl - {unchanded)
P2 - P2 / (2%¥pP1)

iBX = Jlow(.pPl)

sislbx] iSI = .pl
bx12Cbx] iBX = P2
al AL = p1 (Power of 2)

AL = power of 2y BX = .1ow bvte of fP num

cp’
Jz

byte etr 3[bx1+0 P2 already zero?
done jexit if so

Listing 18-3. DIV2.A86 Assembly Language Program (8086)
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dby2: idivide by two
or alral icounted power of 2 to zero?
Jz done jreturn if so
dec al icount Power of two down
dec byte ptr 3[bx] dcount exronent down
Jnz dby2 iloop adain if no underflow
} Underflow occurreds signal underflow condition
mov bxsoffset sidlstisidgnal parameter list
call ?signal isidgnal underflow
done: ret ’ inormallys no return
dsed
siglst  dw offset sidcod jaddress of sidnal code
dw offset sidsub jaddress of subcode
du offset sisfil  jaddress of file code
dw offset sidaux jaddress of aux messade
b end of parameter vectors start of params
sidcaod db 3 303 = underflow
sidgsub db 128 jarbitrary subcode for id
sigfil dw 0000 ino associated file name
sidaux dw offset undmsgd F0000 if no aux message
undmsg db 32 'Underflow in Divide by Two’s0
end

Listing 18-3. (continued)
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A:dtest

100 /7 2 %% 0 = 1,000000E+02
100 /7 2 %% 1 = 5,000000E+01
100 /7 2 #» 2 = 2,500000E+01
100 /7 2 *+ 3 = 1,250000E+01
100 / 2 % 4 = 0,625000E+01
100 / 2 %% 5 = 3,125000E+00
100 /7 2 %% B = 1,562500E+00
100 /7 2 *x 7 = (0,781250E+00
100 / 2 #* B = 3,90B6250E-01
100 / 2 %+ 9 = 1,953125E-01
100 /7 2 %% 10 = 0,976562E-01
100 /7 2 *» 127 = 0,587747E-36
100 /7 2 %% -128 = 2,93B735E-37
100 / 2 %% -127 = 1,4693B7E-37
100 /7 2 *% -126 = 0.,734683E-37
100 /7 2 »# -125 = 3.673419E-38
100 /7 2 %% -124 = 1,836709E-38
100 / 2 *% -123 = 0,918B354E-38
100 /7 2 % -122 = 4,591774E-38

UNDERFLOW (128)s Underflow in Divide By Two
Traceback: 017F 011B
A

Listing 18-4. DTEST Output (abbreviated)

18.2 Returning Values from Functions

As an alternative to returning values through a Parameter Block, PL/I has subroutines
that produce function values that are then returned directly in the registers or on the
stack. This section shows the conventions for returning data as functional values.
References to 8086 registers are in parentheses.
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18.2.1 Returning FIXED BINARY Data

Functions that return FIXED BINARY data items do so by leaving the result in a
register, or register pair, depending upon the precision of the data item.

PL/I returns FIXED BINARY data with precision 1-7 in the A(AL) register, and data
with precision 8-15 in the HL(BX) register pair. It is always safe to return the value
in HL(BX), and copy the low-order byte to A(AL) so register A(AL) is equal to register
L(BL) upon return.

18.2.2 Returning FLOAT BINARY Data

PL/I returns single-precision floating-point numbers as four contiguous bytes on the
stack. The low-order byte of the mantissa is at the top of the stack, followed by the
middle byte, then the high byte. The fourth byte is the exponent of the number.

For example, PL/I returns the value 1.5 as:

(low stack) —>

~

SpP
PL/I returns double-precision floating-point numbers as eight contiguous bytes on
the stack. The low-order byte of the mantissa is at the top of the stack. The exponent
occupies three nibbles: the eighth byte, and the high-order nibble of the seventh byte.

For example, PL/I returns the value —39.5 as:

L 0o]oo]ooloo]oo]cCol43]Co | (low stack) —

Sp
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18.2.3 Returning FIXED DECIMAL Data

PL/I returns FIXED DECIMAL data as 8 contiguous bytes on the stack. The low-
order BCD pair is at the top of the stack. The number is represented in nine’s com-
plement form, and sign-extended through the high-order digit position, with a positive
sign denoted by 0, and a negative sign denoted by 9.

For example, PL/I returns the decimal number —2 as:

98199199199(99|99(99199 | (low stack) —>

A

SP

18.2.4 Returning CHARACTER Data

PL/I returns CHARACTER data items on the stack, with the length of the string in
a register. For example, PL/I returns the string

*Walla Walla Wash’

as shown in the following diagram:

A (8080)
10 Wiall|l|aly|W|a|l{l|albW|a|sih |(low stack) —
AL (8086)

A

SP

where register contains the string length 10 (hexadecimal), and the Stack Pointer SP
addresses the first character in the string.

18.2.5 Returning BIT Data

PL/I returns bit-string data in a register, or register pair, depending upon the precision
of the data item.

PL/I returns bit strings of length 1-8 in the A(AL) register, and bit strings of length
9-16 in the HL(BX) register pair. Bit strings are left justified in their fields, so the BIT(1)
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value true is returned in the HL(BX) register as 80 (hexadecimal). It is safe to return
a bit value in the HL(BX) register pair and copy the high-order byte in A(AL), so
register A(AL) is equal to register H(BH) upon return.

18.2.6 Returning POINTER, ENTRY, and LABEL Variables

PL/I returns POINTER, ENTRY, and LABEL variables in the HL(BX) register pair.
When returning a label variable that can be the target of a GOTO operation, the
subroutine containing the label must restore the stack to the proper level when control
reaches the label.

The following program listings illustrate the concept of returning a functional value.
Listing 18-5 shows the program called FDTEST that is similar to the previous floating-
point divide test. However, FDTEST includes an entry definition for an assembly
language subroutine called FDIV2 that returns the result on the stack. Listing 18-6
shows FDIV2.ASM in 8080 assembly language, and Listing 18-7 shows FDIV2.A86,
the same routine in 8086 assembly language.

FDIV2 resembles the previous subroutine DIV2 with some minor changes. First,
FDIV2 loads the input floating-point value into the BC(CX) and DE(DX) registers so
that it can manipulate a temporary copy and not affect the original input value FDIV2
then decreases the exponent field in register B(CH) by the input count, and returns it on
the stack before executing the PCHL instruction.

1 a JREEERREREERFRERRRERERREI LSRR RRERRRERRRRERRFRERRR R RN R/
2 a /% This prodram tests the assembly landuade routine %/
3 a /% called FDIVZ which returns a FLOAT BINARY value., %/
4 a JREEEEREEEREREREERERERERERRRE R R R AR RRRRRERL RN R/
5 a fdtest:
B b procedure options(main)s$
70b declare
8 b fdiv2 entry{(fixed(7),float) returns(float),
9 b i fixed(7),
10 b f floati
11 b
12 ¢ do i = 0 by 13}
13 ¢ put sKip list('100 / 2 *%/,i4'='4fdiv2(i,100))3
14 ¢ endi
15 b
16 b end fdtests

Listing 18-5. The FDTEST Program
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’

fdiv2:

dby2:

.
1
.
¥

title ‘div by rower of two (function)’
public fdiv2
extrn ?signal
entry:

pl -> fixed(7) power of two

p2 ~-» floatind-roint number
exit: .

pl -» (unchanged)

P2 -> (unchanded)
stack: P2 / (2 #*% pl)

iHL = Jlouw(.pPl)

mov e M ilow(.pl)

inx h fHL = +hidgh(,p1)

mouy dom iDE = .pP1

inx h tHL = +low(P2)

ldax d ja = pl {(power of two)
mov em ilow(,p2)

inx h fHL = +high(,p2)

mowy drm iDE = P2

xchg iHL = .p2

A = pPower of 2y HL = Jlow bvte of fP num

mov e iE = low mantissa

inx h ito middle of mantissa

mov dm iD = middle mantissa

inx h ito hidgh byte of mantissa
mov com iC = hidh mantissa

inx h ito expanent bvte

mov bym iB = exponent

inr b iB = 007

decr b ibecomes 00 if so

Jz fdret ito return from float div
idivide by two

ora a icounted power of 2 to zero?
Jz fdret ireturn if so

der a icount Power of two down
der b jicount exponent down

dnz dbvy2 iloop again if no underflow

underflow occurred, sidnal underflow condition

Ixi hssidglstisidgnal Parameter list
call ?sidnal 3signal underflow
Ixi b0 iclear to zero

Ixi d+0 ifor default return

Listing 18-6. FDIV2.ASM Assembly Language Program (8080)

e
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fdret: rorP h irecall return address
Push b isave high order fP num
rush q isave low order fP num
pchl freturn to calling routine
i
dsed
sidlst: dw sidcod Faddress of sidnal code
dw sidsub jaddress of subcode
dw sigfil jaddress of file code
dw sigaux jaddress of aux messade
i end of parameter vector: start of Params
sidcod: db 3 03 = underflow
sidsubs db 128 jarbitrary subcode for id
sigfil: duw QOoo0 ino associated file name
sidaux: dw undmsdg  $0000 if no aux messade
yndmsy: db 32 Underflow in Divide by Two’ 0
end

Listing 18-6 (continued)

H Divisiaon by pPower of two (function)
csed
rublic fdiv2
extrn ?signal:near
H entry:
i pl - fixed(7) power of two
i p2 -» flpating Point number
3 exit:
H pl -» {(unchangded)
i p2 -» (unchangded)
H stack: pr2 / (2 %% pl)
fdivz: iBX = Jlow(.pPl)
mou sisCbx] i51 = .pl
lods al AL = pl (Power of 2)
mou bx20bx] iBX = P2
§ AL = power of 2y BX = ,low bvte of fP num
mou dx[bxl iDX = low and middle mantissa
mou cx+20bx] iCL = hidh mantissa,» CH = exponent
or chich jexronent zero?
Jz fdret ito return from float div

Listing 18-7. FDIV2.A86 Assembly Language Program (8086)
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dby2: idivide by two
or alsal icounted power of 2 to zero?
Jz fdret ireturn if so
dee al icount power of two down
dec ch icount exponent down
dnz dby2 iloop adain if no underflow
H Underflow occurred, sidnal underflow condition
mou bxroffset sidglstisignal parameter list
call Tsidnal isignal underflow
sub CX O iclear result to zero for default return
mouv dxscx
fdret: PopP b x irecall return address
Push CX isave hidh order fr num
push d % isave low order fP num
dmp b x jreturn to calling routine
dsed
sidlst dw offset sigcad jaddress of sidnal code
duw offset sidsub iaddress of subcode
duw offset sigfil jaddress of file code
duw offset sidaux jaddress of aux messagde
H end of Parameter vectors start of Params
sidcod db 3 703 = underflow
sidsub db 128 sarbitrary subcode for id
sigfil dw Gooo ino associated file name
sidaux dw offset undmsg 0000 1f no aux messade
undmsd db 32+ Underflow in Divide by Twao’+0
end

Listing 18-7. (continued)

18.3 Direct Operating System Function Calls

You can have direct access to all the operating system functions through the optional
subroutines in assembly language programs which are included in source form on your
PL/I sample program disk. The sample program disk also contains the file REL-
NOTES.PRN which describes these assembly language programs and several PL/I pro-
grams that test the various function calls.

The subroutines in these programs are not included in the standard PLILIB.IRL file
because specific applications might require changes to the system functions that either
remove operations to decrease space, or alter the interface to a specific function. If the
interface to a function changes, you must change the entry point to avoid confusion.
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Note: be careful when you use these entry points instead of the normal PL/I facilities.
For example, if you use the MEMPTR function to effect memory management, be
aware that PL/I uses the dynamic storage area for processing RECURSIVE procedures
and file /O buffering. There is no guarantee that the dynamic storage area will not be
used for other purposes as addtional facilities are added to PL/I.

Also, when you use the various file maintenance functions, such as DELETE(#19)
or RENAME (#23), do not access a file that is currently open in the PL/I file system.

Simple peripheral access, as shown in these examples, is generally safe because no
buffering takes place. :

End of Section 18

O TO DIGHAL RESEARCH
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Section 19
Dynamic Storage and Stack
Routines

This section describes some functions in the PL/I Run-time Subroutine Library (RSL)
that perform dynamic memory management and manipulate the stack size.

19.1 Dynamic Storage Subroutines

The RSL includes a number of functions that provide access to the dynamic storage
routines. These routines maintain a linked list of all unallocated storage. Upon request,
these routines search for the first available segment in the free list that satisfies the
request size, remove the requested segment, and return the remaining portion to the
. free list. If the storage is not available, the run-time system signals ERROR(7), Free
Space Exhausted.

PL/I dynamically allocates storage upon entry to RECURSIVE procedures, when
processing explicit or implicit OPEN statements for files performing disk /O, or when
processing an ALLOCATE statement. PL/I always allocates an even number of bytes
or whole words, no matter what the request size.

19.1.1 The TOTWDS and MAXWDS Functions

It is often useful to find the amount of storage available at any given point while
the program is running. The TOTWDS (Total Words) and MAXWDS (Max Words)
functions provide this information.

You must declare the functions in the calling program as:

declare totwds entry returns{fixed(135))3
declare maxwds entry returns(fixed(153)3
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When you invoke the TOTWDS subroutine, it scans the free storage list and returns
the total number of words (double bytes) available. The MAXWDS subroutine returns
the size (in words) of the largest contiguous segment in the free list. A subsequent
ALLOCATE statement that specifies a segment size less than or equal to MAXWDS
does not signal ERROR(7), because at least that much storage is available.

Both TOTWDS and MAXWDS count in word units, so the returned values can be
held by FIXED BINARY(15) counters. Both TOTWDS and MAXWDS return the value
-1 if they encounter invalid link words while scanning the free spacé list. This is usually
due to an out-of-bounds subscript or pointer store operation. Otherwise, these functions
return a nonnegative integer value.

19.1.2 The ALLWDS Subroutine

The PL/I Run-time Subroutine Library contains a subroutine, called ALLWDS, that
you use to control the dynamic allocation size. You must declare the subroutine in the
calling program as:

declare allwds entrvy(fixed(15)) returns{pointer)}

The ALLWDS subroutine allocates a memory segment in words equal to the size
given by the input parameter, and returns a pointer to the allocated segment. If no
segment is available, ALLWDS signals the ERROR(7) condition. The input value must
be a nonnegative integer.

Listing 19-1 shows the ALLTST program which is an example of how to use the
TOTWDS, MAXWDS, and ALLWDS functions. Listing 19-2 shows a sample inter-
action with the ALLTST program.
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19.1 Dynamic Storage Subroutines

JHEEREEEREREEERERERFARERFRRERER R ERFRRRLEREEA AR R/

/% This pProdram tests the TOTWDS,

MAXWDS + and ALLWDS */

/% functions from the Run-time Subroutine Librarv, */
JREEERRRERRR AR EFRAERR R R RFRRERF AR R RERFRRR AR ERENRR RS/

r—alltst:

procedure options(main)si

declare
totwds
maxwds
allwds entry(fixed(139))

declare
allres
mempPtr
meminx
memory

fixed(15),
Ptre
fixed(15),
(0:0) bit(iB)

while(*1'b)j
put edit (totwds() s
maxwds ()

—do

get list(allreq)s

memptr = allwds{allresq)s

put edit(‘Allocated’sallrea;’
(skipsa sf(B)rarbhd)s

/#% clear memory as example */
do meminx = 0 to allrea-1}
[:: memory (meminx) = ‘0000 bd;

endi
L end;j

—end alltsti

entry returns(fixed(13)) .,
entry returns(fixed(15)), A
returns(prointer)i

*Allocation Size? ')

Words at ‘sunspPec

based(memptr)§

Total MWords Available’
Maximum Sedment Size’,
(2(skirpsf(B)sa)sskirsali

(memptr))

Listing 19-1. The ALLTST Program
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Avalltst

24470 Total Words Available
24470 Maximum Sedment Size
Allocation Size? 0

Allocated 0 Words at 28D6
24468 Total Words Available
24468 Maximum Sedment Size

Allocation Size? 100

Allocated 100 Words at 28DA
24366 Total Words Available
24366 Maximum Segment Size

Allocation Size? 500

Allocated 500 Words at 29A6
23864 Total Words Available
23864 Maximum Sedment Size

Allocation Size? 23865

ERROR (7): Free Sepace Exhausted
Traceback: 016D
A>

Listing 19-2. Interaction with the ALLTST Program

19.2 The STKSIZ Function

In PL/I, the program stack is placed above the code and data area, and below the
dynamic storage area (TPA). The default size of the program stack is 512 bytes, but
can be changed using the STACK(n) option in the main procedure heading.

The STKSIZ (Stack Size) function returns the current stack size in bytes. This function
is particularly useful for checking possible stack overflow conditions, or in determining
the maximum stack depth during program testing.

You must declare the STKSIZ function in the calling program as:
declare stKsiz returns(fixed(15));

Listing 19-3 shows an example of the STKSIZ function in the program called ACKTST,

where it checks the maximum stack depth during RECURSIVE procedure processing.
Listing 19-4 shows an interaction with this program.
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{1 a JRREEREREEREREERERERRRRERRERERRRRRRRERRERRRFRR NN/
2 a /% This prodram tests the STKSIZ function while #/
3 a /% evaluating a RECURSIVE procedure. */
4 a JRERREEEREREREREEREFRRRFERERRRRRRRERERRERRRRRRRRNN/
3 a r—acK:
B b procedure options(mainistack{(2000))i
7h declare
B b (men) fixed,
9 b (maxmsmaxn) fixed:
10 b ncalls decimal(B)
11 b (curstacks stacksize) fixed,
12 b stksiz entry returns(fixed)}
13 b
14 b put skip list{(‘'Tvre max msn: ‘)3j
15 b det list(maxmsmaxn)i
16 ¢ —do m = 0 to maxmj
17 d do n = 0 to maxnj
18 d ncalls = 04
19 d curstack = 03
20 d stacksize = 03}
21 d put edit(*Ack(*my’ s’ yns’)='yackermann{mn) s
22 d ncallss’ Callss’sstacksizes’ Stack Brtes’)
23 d (skipsas12(f(2)1a)sf(B)sf(7)raysf(4)sa)}
24 d end;i
25 ¢ L—end3
26 b stopPi
27 b
28 b —acKermann:
29 ¢ procedure{msn) returns(fixed) recursivej
30 ¢
31 ¢ declare
32 ¢ (man) fixeds
33 ¢ ncalls = ncalls + 13§
34 ¢ curstack = stksiz()}
35 ¢ if curstack > stacKsize then
36 ¢ stacksize = curstacKi
37 ¢ if m = O then
38 ¢ returni(n+1)}
39 ¢ if n = 0 then
40 ¢ return(ackermann(m-1+1))73
41 ¢ return{ackermann(m-1sackermann{msn-1)))3
42 c end ackermanni
a3 b
b

P =
F =

~—end ackj

Listing 19-3. The ACKTST Program

ALL INFORMATION PRESENTED HERE IS PROPRIETARY TO DIGITAL Rii‘?&%{ﬁ?i

265



19.2 The STKSIZ Function PL/I Programming Guide

Aracktst

Type max min: 6546

Ack (
Ack(
Ack(
Ack(
Ack(
Ack(
Ack(
Ack(
Ack(
Ack(
Ack(
Ack(
Ack(
Ack(
Ack(
Ack(
Ack(
Ack(
Ack(
Ack(
fck(
Ack(
Ack(
Ack(
Ack(
Ack(
Ack
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0
[V
0y
0y
0y
0
0
1
1
1
1
1,
1
1
2
2
2
2
2
2
21
3
3
3
3
3
3

0)= 1 1 Calls: 4 Stack Brtes
1)= 2 i Calls: 4 Stack Bvtes
2)= 3 1 Calls, 4 Stack Brtes
3= 4 1 Calls: 4 Stack Brtes
4)= 3 1 Calls, 4 Stack Brtes
5)= B 1 Calls 4 Stack Brtes
6)= 7 1 Calls: 4 Stack Brtes
0)= 2 2 Calls: B Stack Brtes
1)= 3 4 Calls: 8 Stack Brtes
2)= 4 6 Callsy 10 Stack Bvtes
3)= ) 8 Callssy 12 StacKk Brtes
4)= B 10 Callsy 14 Stack Brtes
5)= 7 12 Callss 16 Stack Brtes
B)= 8 14 Callss 1B Stack Brtes
0)= 3 5 Callsy» 10 Stack Brtes
1)= 3 14 Callsy 14 StacKk Bvtes
2)= 7 27 Callss 1B Stack Brtes
3)= 9 44 Callss» 22 Stack Brtes
4)= 11 65 Calls: 26 Stack Bvtes
S)= 13 90 Callss 30 Stack Bvtes
B8)= 15 118 Callss 34 Stack Bvtes
0)= 5 15 Callsy 1B Stack Bvtes
1)= 13 106 Callsy» 32 Stack Brtes
2)= 29 541 Calls» G4 Stack Bvtes
3)= 61 2432 Callss, 128 Stack Brtes
4)= 125 10307 Callss 256 Stack Brtes
5)= '

Listing 19-4. Output From the ACKTST Program

End of Section 19
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Section 20
Overlays

This section describes how to use the linkage editor to create PL/I overlays. Overlays
are programs comprised of separate files. The advantage of overlays is that they share
the same memory locations, so you can write large programs that run in a limited
memory environment.

20.1 Using Overlays in PL/I

In both the 8080 and 8086 implementations, the size of the Transient Program Area
(TPA) determines the upper limit on the size of a program. However, there is another
constraint in the 8086 implementation. Although there can be enough memory space
available on the system, the Compiler generates code that assumes the Small memory
model. The Small model means that when you link one or more OB] files with the
Run-time Subroutine Library (RSL), the size of the code and data sections in the CMD
are each limited to 64K. Thus, the Compiler determines the upper limit on the size of
any program, but the size limit is not encountered until link time.

With modular design, you can write a large program that does not need to reside
in memory all at once. For example, many application programs are menu-driven, in
which the user selects one of a number of functions to perform. Because the functions
are separate and invoked sequentially, they do not need to reside in memory simul-
taneously. When one of the functions is complete, control returns to the menu portion
of the program, from which the user selects the next function. Using overlays, you can
divide such a program into separate subprograms that can be stored on disk and loaded
only when required.
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The following figure illustrates the concept of overlays. Suppose a menu-driven
application program consists of three separate user-selected functions. If each function
requires 30K of memory, and the menu portion requires 10K, then the total memory
required for the program is 100K, as shown in Figure 20-1a. However, if the three
functions are designed as overlays, as shown in Figure 20-1b, the program requires
only 40K, because all three functions share the same memory locations.

A
Function 30K
3
Function
30K
2 100K t T
Function Function Function
)
30K 1 2 3
Function
40
T | an K T
Menu 10K v } 10K Menu
20-1a. Without Overlays 20-1b. Separate Overlays

Figure 20-1. Using Overlays in a Large Program
You can also create nested overlays in the form of a tree structure, where each overlay

can call other overlays up to a maximum nesting level that the Overlay Manager
determines. Section 20. 3 describes the command line syntax for creating nested overlays.
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20.1 Using Overlays in PL/I

Figure 20-2 illustrates the tree structure of overlays. The top of the highest overlay
determines the total amount of memory required. In Figure 20-2, the highest overlay
is SUB4. This is substantially less memory than would be required if all the functions
and subfunctions had to reside in memory simultaneously.

Sub 1 Sub 2

Sub 3

Sub 4

func 1

func 2

func 3

Menu

Figure 20-2. Tree Structure of Overlays

20.2 Writing Overlays in PL/I

There are two ways to write PL/I programs that use overlays. The first method
involves no special coding, but has two restrictions. The first restriction is all that
overlays must be on the default drive; the second is that the overlay names must be
determined at translation time and cannot be changed at run-time.

The second method requires a more involved calling sequence, but does not have

either of the restrictions of the first method.
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20.2.1 Opverlay Method One

To use the first method, you declare an overlay as an entry constant in the module
where it is referenced. As an entry constant, the overlay can have parameters declared
in a parameter list. The overlay itself is simply a PL/I procedure or group of procedures.

For example, the following program is a root module with one overlay:

root:
procedure options(main)i
declare
pulavyl entrv(character(15))i
Put sKie list{(‘root )3
call ovlavli{(*overlay 1733
end roots '

The overlay OVLAY1.PLI is defined as follows:

oulavi:
procedure(gc)
declare
¢ character(13)3
put skirp list{c)3i -~
end ovlavls

Note: when passing parameters to an overlay, you must ensure that the number and
type of the parameters are the same in both the calling program and the overlay.

When the program runs, ROOT first displays the message ‘root’ at the console. The
CALL statement then transfers control to the Overlay Manager. The Overlay Manager
loads the file OVLAY1 from the default drive and transfers control to it.

When the overlay receives control, it displays the message ‘overlay 1’ at the console.
OVLAY1 then returns control directly to the statement following the CALL statement
in ROOT. The program then continues from that point.

If the requested overlay is already in memory, the Overlay Manager does not reload it
before transferring control.
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The following constraints apply to overlay method one:

m Thelabel in the call statement is the actual name of the overlay file loaded by the
Overlay Manager; consequently, the two names must agree.

® The name of the entry point to an overlay need not agree with the name used
in the calling sequence, but using the same name avoids confusion.

® The Overlay Manager only loads overlays from the drive that was the default
when the root module began execution. The Overlay Manager disregards any
changes in the default drive that occur after the root module begins execution.

® The names of the overlays are fixed. To change the names of the overlays, you
must edit, recompile, and relink the program.

® No nonstandard PL/I statements are needed. Thus, you can postpone the deci-
sion on whether or not to create overlays until link time.

20.2.2 Opverlay Method Two

In some applications, you might want to have greater flexibility with overlays, such
as loading overlays from different drives, or determining the name of an overlay from
the console or a disk file at run-time.

To do this, a PL/I program must declare an explicit entry point into the Overlay
Manager, as follows:

declare Tovlay entrv{(character(10) yfixed(1))3

This entry point requires two parameters. The first is a 10-character string that
specifies the name of the overlay to load, and an optional drive code in the standard
format (d:filename).

The second parameter is the Load Flag. If the Load Flag is 1, the Overlay Manager

loads the specified overlay whether or not it is already in memory. If the Load Flag is 0,
the overlay manager loads the overlay only if it is not already in memory.
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Using this method, the example illustrating method one appears as follows:

root:
procedure options{main)i
declare
Toulay entry{(character{10) sfixed(1))
dummy entrv{character(13))
name character(l10)3

Put sKip list(‘root’)3

name = *0QY173

call Tovlavy(name Q)i

call dummy(‘overlay 17)3
end rootsi

The file OV1.PLI is the same as the previous example.
At run-time, the statement
call Tovlav(name»0)3

directs the Overlay Manager to load OV 1 from the default drive (1 is the current value of
the variable name); control then transfers to OV1. When OV1 finishes processing,
control returns to the statement following the invocation.

In this example, the variable name is assigned the value ‘OV1’. However, you could
also supply the overlay name as a character string from some other source, such as
the console keyboard.

The following constraints apply to overlay method two:

B You can specify a drive code so the Overlay Manager can load overlays from
drives other than the default drive. If you do not specify a drive code, the
Overlay Manager uses the default drive as described in method one.

B If you pass any parameters to the overlay, they must agree in number and type
with the parameters that the overlay expects.
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20.2.3 General Overlay Constraints

The following general constraints apply when creating overlays in a PL/I program:

20.3

Each overlay has only one entry point. The Overlay Manager in the PL/I Run-
time Subroutine Library assumes that this entry point is at the load address of
the overlay.

You cannot make an upward reference from a module to entry points in overlays
higher on the tree. The only exception is a reference to the main entry point of
the overlay. You can make downward references to entry points in overlays
lower on the tree or in the root module.

Common segments (EXTERNALS in PL/I) that are declared in one module
cannot be initialized by a module higher in the tree. The linkage editor ignores
any attempt to do so.

You can nest overlays to a depth of five levels.

The Overlay Manager uses the default buffer located at 80H, so user programs
should not depend on data stored in this buffer. Note that in the 8086 implemen-
tation, the default buffer is at 80H relative to the base of the Data segment.

Command Line Syntax

To specify overlays in the command line of the linkage editor, enclose each overlay
specification in parentheses. You can create overlays with LINK-80 in one of the
following forms:

link root(ov1)

link root(ov1l,part2,part3)

link root(ov1 = partl,part2,part3)

The first form produces the file OV1.OVL from the file OV1.REL. The second form
produces the file OV1.OVL from OV1.REL, PART2.REL, and PART3.REL. The third
form produces the file OV1.OVL from PART1.REL, PART2.REL, and PART3.REL.
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Create overlays with LINK-86 using the same forms:

link86 root(ov1)
link86 root(ov1,part2,part3)
link86 root(ov1 = partl,part2,part3)

The first form produces the file OV1.OVR from the file OV1.0OB]J. The second form
produces the file OV1.OVR from OV1.0B]J, PART2.0B], and PART3.0B]J. The third
form produces the file OV1.OVR from PART1.0B], PART2.0B], and PART3.0B]J.

In the command line, a left parenthesis indicates the start of a new overlay specifi-
cation, and also indicates the end of the group preceding it. All files to be included at
any point on the tree must appear together, without any intervening overlay specifi-
cations. You can use spaces to improve readability, but do not use commas to set off
the overlay specifications from the root module or from each other.

For example, the following command line is invalid:

Axlink root(ovl)smoreroot
The correct command is as follows:
A>link rootsmoreroot(ovl)

To nest overlays, you must specify them in the command line with nested parentheses.

For example, the following command line creates the overlay system shown in Figure

20-2:

Axl1inKk menu{funcl (subl)(sub Z)) (funcZ) (func3 (sub3)(subd

End of Section 20
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A

A format, 36, 115

actual parameter, 26, 104, 109, 233

aggregate data, 10

algorithms, 144, 197, 199, 222

ALLOCATE statement, 44, 129, 134

application programs, menu-driven,
267-8

arguments, 42, 64, 65

arithmetic data, 10

arrays, 13, 17, 231

ASCII character data, 31

assignment statement, 21, 92, 120,
126, 153, 168, 198

AUTOMATIC, 41

B

B format, 36

B1 format, 13

B2 format, 13

B3 format, 13

B4 format, 13

BASED storage class, 42

BASED variable, 10, 43, 129-131
BASIC, 183

BCD, 186

BEGIN, 163

BEGIN block, 5, 49, 102, 132, 153
BIF, 2

Binary Coded Decimal (BCD), 186
binary exponent, 10

bit-string constant, 13

bit-string variables, 13

blank padding, 36
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block, §
block nesting, §
block-structure, 29, 163
buffer, 77, 125, 126
buffer size, 84
built-in
DECIMAL function, 205
functions, 2, 12
LOCK, 32
MOD function, 198
ROUND function, 198

C

CALL statement, 6, 7, 26, 27, 153,
217, 218, 270

call statement, label in, 153, 217,
271

calls by reference, 26

case, 49, 120

CEIL function, 208

CHARACTER, 96, 207

CHARACTER variables, 13

character-string constants, 13

CLOSE statement, 84

COBOL, 183

code generation, 57

code optimization, 57

COLUMN, 36

command file, 54, 59

comments, 51

common segments, declared in one
module, 273

Compiler

options, 55
overlays, 57
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complement,

2’s, 186

10’s, 186, 187, 188
computational expressions, 22
computed GOTO, 101
condition

categories, 38, 39, 60

processing, 23, 37, 38, 111, 166

Stack, 109
conditional branching, 23, 29
connected storage, 18
containing blocks, §, 7, 29
context, 3
control

characters, 2, 96, 216

data, 13

format items, 36

variable, 24
cross-sectional reference, 17

D

data
aggregate, 16
constants, 10
conversion, 22, 96, 107, 127, 166,
183, 207
format items, 36
set, 29, 30
structure, 80, 88, 92, 139
variables, 10
debugging, 59
DECIMAL, 188
DECIMAL built-in function, 161,
208
DECIMAL function, 192, 193
declarations, 49, 50
declarative statements, 3, 9
DECLARE keyword, 50
DECLARE statement, 10
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default buffer, 273

default drive, changing, 272

default values, 12

delete, 32

DEMO program, 59

dimension array, 43

DIRECT attribute, 93

DIRECT files, 31

DIVIDE built-in functions, 188, 196

DO-group, 7, 49, 71, 83, 93, 96,
101, 105, 108-109, 120, 123,
125, 126, 134-135, 142, 153-
154, 166

double-precision number, 10-11

downward reference to entry point,
273

drive code, 272

dynamic memory management, 129,
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E

E format, 36
EDIT formats, 197
EDIT-directed 1/0, 35
ENDPAGE condition, 115
entry constant, 7, 14, 177
ENTRY constants, 14, 174-176, 270
ENTRY data, 13, 14
entry point, explicit, 271
ENTRY variables, 14, 174-176, 231
environment, 3, 5, 7, 27, 38, 113,
132
ENVIRONMENT
attribute, 32
option, 88
ERROR condition, 216
error messages 49, 57, 58
executable statements, 3, 10, 57
explicit declaration, 10




expression, 21
EXTERNAL attribute, 174, 175
external

device, 16, 29, 60

procedures, S, 7, 15

F

F format, 36
file
access methods, 35
constant, 16, 30
data, 16
Descriptor, 33
Parameter Block (FPB), 33
variable, 16, 27
FILE variables, 175
file-handling statements, 29, 32
file_id, 30, 32, 35
FIXED BINARY, 10, 161, 173, 215
data, 10, 158
FIXED DECIMAL, 11, 74, 96, 185,
186, 197, 203, 204, 215, 217
data, 11
FIXEDOVERFLOW, 158, 192
FIXED OVERFLOW, 188, 216
fixed record size, 32, 88
FLOAT BINARY, 10, 158, 185,
203, 205, 207
data, 10, 74, 184
formal parameter, 26, 175-176, 233
format items list, 35
FORMAT statement, 37
FORTRAN, 183
FREE statement, 44, 129, 136
free storage area, 44
free-format language, 49
function procedure, 7, 26
function reference, 6, 7, 27, 153

G

GET EDIT, 35

statement, 115, 125, 127
GET LIST, 35, 82

statement, 35, 80, 93, 102, 142
GOTO, 101, 103

statement, 29, 104, 109, 110

H

halting the Compiler, 58
hierarchical structure, 3
high-level language, 1

I

IF statement, 29, 46, 50
implicit declaration, 10, 13, 14
implied attributes, 34
implied base, 129, 131
%INCLUDE statement, 45, 80
indentation, 49
INDEX function, 120, 232
INITIAL attribute, 41, 42
INPUT file, 31
integers, 10
internal
buffer, 35, 84
buffer sizes, 32, 84
procedure, 7, 15
representation, 43, 183
stack, 61
invoking Compiler, 5§
iteration, 23
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K

key, 32, 40, 91
KEYED
attribute, 31, 88, 91
file, 32, 91, 92
KEYTO option, 91
keywords, 50

L

label constants, 14, 102, 105
LABEL data, 14

label variables, 14, 102, 105
level, 32

LINE, 36

line-directed, 35

linemark, 31

LINESIZE attribute, 32
LINK-80, 273

LINK-86, 274

linkage editor, creating overlays with,

273
list processing, 132
list-directed, 35
load address, 273
load flag, 271
local reference, 104
locked mode, 32
logical units, 3-4, 14, 27

M

MAIN option, 161
main
procedure, §
structure, 19
mantissa, 10
mathematical functions, 12

member, 19

menu-driven application programs,
267-8

modular design, 267

module, upward reference from, 273

multiple data items, 10

N

native code, 57
nested overlays, 268
nesting levels, 58
maximum, 268
nesting overlays, 273, 274
noncomputational expressions, 22
nonlocal reference, 104
null
pointer, 141, 143
statement, 29, 46

(@)

object
code, 56
file, 54, 59
ON ENDFILE statements, 114
ON ENDPAGE, 115
ON
condition, 38, 109-110, 112, 216
statement, 38, 109, 110, 114
ON-body, 38, 110
ON-unit, 112-117, 120, 142, 166
ONCODE function, 41
ONFILE function, 41
ONKEY function, 41
open mode, 32
OPEN statement, 30, 31, 35, 80, 84,
88, 93, 216, 233
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OUTPUT file, 31

overlay
entry point, 271, 273
manager, 270-3
method one constraints, 271
method two constraints, 272
name of entry point to, 271
names, when determined, 269
SUB4, 269
specifications, 274

overlays
changing names of, 271
composition of, 268
creating with LINK-80, 273
creating with LINK-86, 274
enclosing in parentheses, 273
flexibility with, 271
general constraints, 273
higher on tree, 273
left parenthesis in, 274
lower on tree, 273
method one, 270
method two, 271
nested, 268
nesting, 273, 274
passing parameters to, 270
referencing entry points of, 273
restrictions to, 269
storing on disk, 267
tree structure of, 268-9
use of, 267
using in a large program, 268
when to create, 271
writing, 269

P

PAGE, 37
pagemark, 31
PAGESIZE attribute, 32
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parameter list, 270
parameter passing, 26-27, 270, 272
parameters, agreeing with overlay,
272
parse function, 123
PASCAL, 183
pass
1, 57
2, 57
3, 57
by reference, 26
by value, 26, 153
password protection, 32
Picture edit format, 208, 217
pointer
data, 16, 42
qualifier, 42, 130
variable, 16, 42, 131-132
pointer-qualified reference, 42
precision, 11-12, 155, 186-196,
206-208
predefined file constants, 37
preprocessor statements, 45
PRINT, 31, 37, 41, 80, 85, 112, 216
PROCEDURE block, 5, 49, 104, 163
procedure
body, 6
definition, 26
header, 6
heading, 177
invocation, 7, 23, 26
name 6, 175
program
development, 53
maintenance, 6, 51, 101
program size, upper limit, 267
PUT EDIT statements, 35, 115
PUT LIST statements, 35, 85, 114,
216
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R

R, 37
read, 32
READ statement, 35, 91
READ with KEY statement, 93
Read-Only, 32
RECORD

file, 32

1/0, 35
recursive, 26, 36, 153, 154, 161
relative record, 32

number, 91
remote format, 37
%REPLACE statement, 46, 71, 216,

222

RETURN statement, 155
RETURNS attribute, 176
REVERT statement, 38, 109-110
root module, 271

with one overlay, 270
run-time stack, 161
Run-Time Subroutine Library (RSL)

53, 59, 129, 173, 205, 267

S

scalar data items, 10

scalar value, 7

scale, 11, 190-196, 207-208

saving memory with overlays, 267

sequence control statements, 23

SEQUENTIAL files, 31

shared, 32

SIGNAL statement, 38-40, 108, 110,
115

single-precision number, 10

size of programs, upper limit, 267

SKIP, 37, 115

small memory model, 267
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source file, 51, 53
special characters, 2
special forms, 57
stack, 187, 188, 193-194
STACK option, 161
standard, 42
STATIC attribute, 41, 174
STOP statement, 71, 166
storage class, 41
storage sharing, 26
STREAM file, 31, 80, 91-92, 112,
145
STREAM 1/0, 35
string
processing, 119, 123
variables, 12
variables, .12
structural statements, 1, 3
structure, 18, 132-136, 139-140,
142, 174
structured language, 1
subcode, 38, 39, 60, 107
subroutine, 50-51, 123, 133, 173,
205
subroutine procedures, 7, 26
subscripts, 14, 17
Subset G, 42, 192
SUBSTR, 119, 120, 127
SYM file, 53
Symbol Table, 53, 55, 56, 57, 59
SYSIN, 37, 61, 110, 111, 114
SYSPRINT, 37, 71, 85
system files, 54

T

temporary variables, 57
TITLE attribute, 32
token, 125-127, 165-166
traceback, 60-61

TED HERE IS PROPRIETARY TO DIGITAL RESEARCH



Transient Program Area, 57, 129,
267
TRANSLATE function, 119
tree structures, 57
TRUNC, 49
truncation, 36, 74, 184-185, 206
error, 11

U

unconditional branching, 23, 29
UNLOCK functions, 32

UPDATE file, 31

upward reference to entry point, 273

A%

VARYING attribute, 13
vector, 103, 105
VERIFY function, 119, 125-127

W

wildcard reference, 32

Write, 32

WRITE statement, 35, 88, 96

WRITE with KEYFROM statement,
93
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product documentation.
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