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FOREWORD

This investigation was conducted for the Directorate of Military Pro-
grams, Office of the Chief of Engineers (OCE), under Project 4A762731AT41,
"Design, Construction, and Operation and Maintenance Technology for Military
Facilities"; Task D, "Combat Engineering Strategy"; Work Unit 049, "Progrm-
mable Calculator Technology for Engineer Troop Units." The applicable STO is
81-5.1:19. The OCE Technical Monitors were LTC John Howard and Dr. Clemens
Meyer, both of DAEN-ZCM.

This work was performed by the Facility Systems Division (FS) of the U.S.
Army Construction Engineering Research Laboratory (CERL). Mr. E. A. Lotz is
Chief of CERL-FS.

The cooperation and contributions of many persons on the staff of the
U.S. Army Engineer School are gratefully acknowledged. CPT Scott Loomer of
the Defense Mapping School is especially commended for developing the Bridge
Classification Program and all but two of the global utility routines
described in this report.

CDL Louis J. Circeo is Commander and Director of CERL, and Dr. L. R.
Shaffer is Technical Director.
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USER'S MANUAL FOR MILENGI/UTIL READ ONLY IERY W14DULE
OF THE COMBAT ENGINEER PROGRAMMABLE H.-AAND-HELD CALCULATOR

I. INTRODUCTION

Background

Recent advancements in the state of the art of programmable calculators
have indicated that these devices might help military engineers work more
efficiently. To determine the potential of these systems, in March 1980 the
U.S. Army Engineer School asked the U.S. Army Construction Engineering
Research Laboratory (CERL) to see how hand-held programmable calculators could
be exploited by combat engineers. To date, six pilot programs and ten utility
routines have been developed for testing. Details of the study and comprehen-
sive information on the programs and routines appear in CERL Technical Report
P-134, Software Documentation for MILENGI/UTIL Read Only Memory Module.

This user's manual describes each MILENGI/UTIL program, explains how to
use each program, and gives example problems.

Only a few conventions must be learned to use the MILEGI/UTIL programs
effectively.

Yee/No Input

When the program asks a question that needs a "yes" or "no" answer, the
calculator will display an alpha string ending in (Y/N)?. To respond "yes",
press two keys: _ and R/S.* To answer "no", press the N and R/S keys. Any
other responses will be rejected by the program and the question will be
displayed again. When the program asks this type of question, it automati-
cally puts the calculator in the alpha mode, then awaits your response.

Nwueric Input

When the program asks for numeric input the calculator displays an alpha
string concatenated with a unit of measurement and an -?. To respond, key in
a numeric string, then press the =Jl key. (Do not use the ENTE key.) If an
alpha string were keyed in, it would be rejected and the question would be
repeated. If the input is not within the allowable range specified in the
program, one of the following message@ will be displayed:

* When several letters/symbols are underlined, it means that as a group they

identify the name of a single key on the calculator. Only key function
names will be shows. Use of the shift key, if needed, is assumed. Single
letters or numbers represent individual keys on the calculator.

IL



I
MUST BE <- (some maximum value)

or

MUST BE >- (some minimum value).

Then, the original question will be repeated.

Output

All "MILENGI/UTIL" programs can rm with or without a printer. If a
printer is attached, the program stops only (1) when your input is required
and (2) at the end of a program. If a printer is not attached, the program
also will stop after each line of output. To continue execution, press the
RIS key each time the program stops. If you use a printer, set it to the NORM
mode.

Program Access

To access a particular program, you must "execute" the program name. For
example, to call the MINES program, press XEQ AjaMINESALPHA and the program
will begin execution.

Each progra may be assigned to almost any key on the HP-41 calculator.

For example, to assign the MINES program to the& key, press ASi

ALPHAMINESALPHAi. Then, when the calculator is in the USER mode, the MINES

program will be executed if theAx key is pressed. See the HP-41 Owner's Hand-
book and Programming Guide for more information on this "assign" feature.

Size Check

Before a program can be executed there must be enough data registers
available to run the program. The minimum number of registers required for
each program is:

Program Registers Reguired

BRDGCLS 52
CPM *( 2A+43)

CRATER 40
DEMO 41
MINES 53
WIRE 44

*A Number of Activity Nodes

To set a program to the correct size, press =E Q PkASIZEALPHA. The calcula-
tor then will prompt for the number of registers required. A three-digit
number must be entered; i.e., for the BRDGCLS program, enter 052. If the pro-
gram is sized incorrectly, the program will immediately tell you to

RESIZE > (No. of Registers Required, minus one).

8



For example, if the BRDGCLS program was originally sized at 040, theIBRDCGLS program would display the message RESIZE 51. You would then press
M ALWI&IZEALMi 052 (or greater), and then execute the progra name again.

Register Use

Registers 00 through 19 are reservei for your use. These registers are
not used by any of the progrs on MILUIG/UTIL. However, the contents of
registers 20 and above are affected, depending on which programs are executed.
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2 THE BRIDGE CLASSIFICATION PROGRAM (BRDGCLS)

The bridge classification program is used with certain tables in FM 5-34
(September 1976) to help you determine bridge superstructure classification.
This program may be used for both timber and steel stringer bridges. It first
asks you for the basic dimensions of the bridge. At the appropriate times, it
refers you to certain tables and figures in FM 5-34, tells you what entry
values are needed, and asks for the value of the variables corresponding to
those entry conditions. You extract the appropriate value from the manual's
table (or figure) and input it to the calculator. The progran determines the
limiting classifications for one- and two-way traffic by wheeled and tracked
vehicles. It determines the constraints imposed by moment capacity, shear
capacity, deck thickness, roadway width, and also determines if additional
braces are required.

General Program Information

Abbreviations used in BRDGCLS are listed in Table 1. Input variable operating
limits are listed in Table 2.

Proiram Sequence

The typical sequence of events and the options you encounter when execut-
ing this program are shown in Figure 1.

BRDGCLS Program Example

Assume that a bridge reconnaisance was conducted to obtain the informa-
tion below for a timber trestle bridge. Determine the final bridge classifi-
cation.

Road Width - 23 ft Span Length = 17 ft
Nine Timber Stringers, each 8" x 18" Springer Spacing = 35 in.
Deck - two layers of 3" x 12" plank
Two Lateral Braces, 8" x 10" at midpoint and at one end of span.

Figure 2 shows how to solve this problem using the BRGCLS program. Fig-
ure 3 is an example of BRGCLS output with printer attached.

I1
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Table 1

5EDGCLS Abbreviatioas

symbol si.

CLdS'ms Classification
DT Deck Thickness
FIG Figure
FT loet
IU Inches
IKip
LM Nuzinun Span Length
LAN Laminated
L1 Lane
M Mount Capacity
M,DL Dead Load Mment
MLL Live Load Momnt
Mi Effective Number of Stringers/Lana

32 Effective Number of Stringers/Lane
for a 2-Lane Bridge

1COM Reconaissauce
SS Maxium Btracing Spacing
SS Stringaer Spacing
STL Steel
9M Stringer
TA Table
TUE Timber
THICK Thickness
V Shear Capacity
V, IL Dead Load Shear

V,LL Live Load Shear
UY Vay
(T/N) (Tea/go)
# !7uber

2 Percent

Table 2

SDCCL9 Program Input Variable Operating Limite

&o. width Feet S 30
Span length rest 10 200
stringer number Each 2 25
Stringer width Inches 4 20
Stringer depth Inches 6 60
Stringer flag. thickneas Inches .3 2
stringer spacing Inches 10 100
Dock Thickness Inches 2 12
2 l--0ated 2 0 100
NMmber of braces Each 0 20
Mount capacity ilp-lest 3 3100

Sheat capacity Kip 3 600
Naimn spen length Feet 9 135
Maim bracing epening pest 6 26
Deed load mmnst Kip-feet 3 1200
Dead load @hear Kip 1 65
Whmel claestficatioa Class 0 150
Track ele a.Licatio Class 0 150
Classification Class 0 150

Souree efeeece N e6:

bE 5-34 (Setmber 1976), ppe 170-184 and 199-303.
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EXECUTE "SNNGCLS"

ENTER ROAD WIDTH IN FEET

EN.TER SPAN LENGTH IN FEET

ENTER NUMBER OF STRINGERS

DECIDE IF STRINGERS ARE STEEL

ENTER STRINGER WIDTH IN INCHESf
ENTER STRINGER DEPTH IN INCHES

ENTER STRINGER FLANGE THICKNESS IN INCHES*

ENTER STRINGER SPACING IN INCHES

ENTER DECK THICKNESS IN INCHESI
DECIDE IF LAMINATED

DECILE IF LAYERED ENTER Z LAMINATED

ENTER NUMBER OF BRACES

ENTER MOMENT CAPACITY (lIP-FT) FRCM TAB. 7-1 OR 7-2, FM 5-34

ENTER SHEAR CAPACITY (KIPS) FROM TAB. 7-1 OR 7-2, FM 5-34$
ENTER MAXIMUM SPAN LENGTH (FT) fFROA TAB. 7-1 OR 7-2, FM 5-34

ENTER MAXIMUM BRACING SPACING (FT) FROM TAB. 7-2, FM 5-34*

ENTER DEAD LOAD MOMENT (KP-FT) FROM FIG. 7-4, FM 5-34

ENTER DEAD LOAD SHEAR (KIP) FROM FIG. 7-4, FM 5-34

PROGRAM COMPUTES /OUTPUTS DEAD LOAD MOMENT PER STRINGER, LIVE LOAD MOMENT PER
STRINGER, EFFECTIVE NUMBER OF STRINGERS PER LANE (N 1 ), AND EFFECTIVE

NUMBER OF STRINGERS PER LANE FOR A 2-LANE BRIDGE (N2 )

i
ENTER CLASS OF WHEELED VEHICLE FROM FIG. 7-3, FM 5-34

ENTER CLASS OF TRACKED VEICLE FROM FIG. 7-3, FM 5-34

PROGRAM COMPUTES/OUTPUTS DE! LOAD SHEAR PER STRINGER AND
LIVE LOAD SHEAR PER STRINGER

Oi
ENTER CLASS OF WHEELED VEICLE FROM FIG. 7-5, FM 5-34

ENTER CLASS OF TRACKED VEHICLE FROM FIG. 7-5, FM 5-34

PROGRAM COMPUTES/OUTPUTS WIDTH CLASSIFICATION

ENTER DECKING CLASSIFICATION FROM FIG. 7-7. FM 5-34

PROGRAM COMPUTE/ OUTPUTS
FINAL CLASSIFICATIONS

* (ONLT I STEEL STRINGERS ARE USED)

Figure 1. BRDGCLS program sequence.
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ALZOA. BRIDGE CLASS
2 A RECONl:
3 LS- ROAD WIDTH (FT) ?
4 23 ILS SPAN LENGTH (FT) ?
5 17 !S STRINGERS:

6 RIS STH, NUMBER- ?
7 9 R/S STEEL (YIN)?
8 N R/S ST. WIDTH (IN) ?

9 8 R/S STR. DEPTH (IN) ?

10 18 RIS STR. SPACING (IN) -

11 35 RJS DECK THICK. (IN) ? 7
12 6 R/S LAMINATED (Y/N)?

13 N AS DECK LAYERED (Y/N)?

14 Y RIS # BRACES ?
15 2 =/S CLASS:
16 R/S TAB. 7-1, FN 5-34: See Note 1
17 /SI 8.OX18.o
18 /s M(KP-FT) - ?
19 86.40 R/S V (KIP) - 7
20 14.40 R/S L,M (FT) - ?
21 21.50 A/S FIG. 7-4, FM 5-34: See Note 2

22 ALS TBR, 2 LN, 17. FT:

23 RIS MDL (KP-FT) - 7
24 37.36 IS V,DL (KIP) - ?

25 8.75 RIS ),DL/STR 4.2

26 X/S M,LL/STR82.2

27 R/S NI - 2.71
28 A/S N2 - 3.38
29 k/S FIG. 7-3, FM 5-34: See Note 3

30 91S 17 FT. & 223. MLL:

31 R/S CLS, WHEEL = 7
32 60 I/S CLS, TRACK : ?

33 40 R/S V,DL/STR - 1.0
34 RIS V,LL/STR - 13.4
35 RIS FIG. 7-5, PM 5-34: See Note 4

36 RIB 17 FT. & 52. V,LL:
37 CLS, WHEEL - ?
38 50 R/S CLS, TRAcK - ?

39 40 R/S WIDTH CLS:
40 S 1 WAY - 100

41 2 WAY - 30
42 jfj FIG. 7-7, FM 5-34: See Note 5

43 RIS DT - 4.0& S,S - 35.:
44 IUs CLASS ?

Figure 2. BRDGCLS prngrm problem eimple.
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Step Press Resulting Display Comments

45 12 =/f FINAL CLASS:
46 R/S ADD I.BRACES See Note 6
47 RISI WY WHEEL - 12.
48 RIS 2 WY WHEEL - 12.
49 R/S V .Y TRACK - 12.
50 R/S 2 WY TRACK - 12.
51 /S END PROGRAM

Notes:

1. See Table 7-1, FM 5-34 for the properties of timber stringers.

2. See Figure 7-4, FM 5-34 to determine the dead load moment and shear.

3. See Figure 7-3, FM 5-34 to determine the wheel and track classification

based on moment capacity.

4. See Figure 7-5, FM 5-34 to determine the wheel and track classification
based on shear capacity.

5. See Figure 7-7, FM 5-34 to determine the classification based on decking
thickness.

6. If a printer is connected and in the NORM mode, steps 46 through 51 will
be output automatically.

Figure 2. (Cont'd).
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Mf,DL/STRa.4.2
XRc4 "BRDGCLS" I,LL/STR-82.2

BRIDGE CLASS N1'.2.71
RECDN N2-3.38
ROAD WIDmR(rr)-? FIG.7-3,1K5-34:

23. RUN 17.?T.223.MLL:

SPARNGT 17. RUN CLS, V HEE L_?
1. RN60. RUN

STRINGERS: LTRC-
STR. NUMCLS, 40.CRU?

5Th NMBE'.94. RUN
9. RUNV,DLISTR-1.O

N RUN FIG.7-5,FH5-34:

STR. WIDTR(tK)-? 17.FT.&52.VLL:
8. N 11WCis, WHEELw?

STR. DEPTH(1V)'? 50. RUN
i8. RUN CLS, TRACK-?

STR. SPACING( IN)"? 40. RUIN
35. RUN WIDTH CLS.

DECK THICL.(IN)w? 1.WAYI00.
6. RUN 2 WAY'30.

LANINATED( Y/N)? FiG.7-7,FM5-34:
N RUN DT-4.O&S,S-35.:.
DECK LAYKRED(YIN)? CLASS-?

yRUN U2. RUN
#BRACES-? F INAL CLASS:

2. RUN ADD 1. BRACES
CLASS: IWY VWHEE L-12.
TAB.7-i ,1M5-34: zur WHEEL-12.
8 .0X81 .0 LWY TRACKc-12.

R(KP-T)-?2WY TRACK-12.
86.40 RUN END PROGRAM

V(XIP)-?
14.40 RUNl

21.50 RUN
FIG.7-4,YM5-34.
TBR,2 LN,17.FT:
b(,DL(KP-IT)-?

37.36 RUN

VL(IP-?8.75 RUN

Figure 3. BRDGCLS program example (with printer).
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3 THE CRITICAL PATH METHOD PROGRAM (CPM)

The CPM program provides an easy way to do the tedious calculations asso-
ciated with using CPM project control. The CPM program uses activity-on-the-
node logic. Up to 98 activities can be analyzed if the full HP-41cv resident
capacity for data storage is used. Up to 20 activities can be done on the
HP-41c model without memory modules.

The program computes the total float, the early start time, the early
finish time, the late start time, and the late finish time for each activity.
The "with printer" version prints out in boxes. These boxes can be cut out
and pasted together to graph logical relationships. In the printer version,
the preceding activities for each activity are noted to the left of each
diagram, so the user will know how to connect the activities together. The
"without printer" output must be copied as it is output. Then diagrams can be
drawn by hand and annotated with the correct information.

General Program Information

Abbreviations used in the CPM program are listed in Table 3. Variable
input operating limits are listed in Table 4.

Proaram Seauence

The typical sequence of events and the options you encounter when execut-
ing this program are shown in Figure 4.

EXECUTE CPMI
ENTER TOTAL NUMBER OF ACTIVITIES

ENTER ACTIVITY NUMBER, DURATION, AND PRECEDING

ACTIVITIES FOR EACH ACTIVITY

ENTER ENDING ACTIVITIES

ENTER STARTING ACTIVITY NUMER

PROGRAM COMPUTES AND OUTPUTS
EARLY START, EARLY FINISH, LATE START, LATE

FINISH, TOTAL FLOAT AND CRITICAL PATH

Figure 4. CPK program sequence.
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Table 3

CP Program Abbreviations

Symbol

ACT Activity
CPM Critical Path Method
EF Early Finish
END Ending
ES Early Start
LF Late Finish
LS Late Start
PRED Preceding
START Starting
TF Total Float
(YIN) (Yes/No)
#Number

Table 4

CPM Program Variable Input Operating Limits

Total Number of Activities 1 98
Activity Identification Numbers 1* 98
Duration 0 1000
Preceding Activity Identification Numbers 1* 98
Starting Activity Number 1 98

*0 is also a valid input but tells the program that there are no more
inputs for these variables.

The limits set for preceding activity numbers (i.e., the identification
number) show that you can enter any activity between I and 98. Hovever, the
total number of precediga activities for a jj.L activity cannot exceed Lxe.
The registers will be disrupted if more than five preceding activities or more
than 25 ending activities are used. The CPH program is not designed to check
these last two limits.

1
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CPM Program Examnle

Given the following information, determine the early start, early finish,
late start, late finish, and total float for each activity using the critical

path method.

Activity No. Duration Preceding Activity

1 15
2 20 1
3 18 1
4 18 3
5 20 2,4

Figure 5 shows how to solve this problem using the CPM program. Figure 6
is an example of CPM program output with printer attached.

18



Table 3

CPM Program Abbreviations

Skol

ACT Activity
CPK Critical Path Method
EF Early Finish
ED Ending
ES Early Start
LF Late Finish
LS Late Start
PRED Preceding
START Starting
TF Total Float
(YIN) (Yes/No)
# Number

Table 4

CPM Program Variable Input Operating Limits

Variable Minimu Xiam

Total Number of Activities 1 98
Activity Identification Numbers 1* 98
Duration 0 1000
Preceding Activity Identification Numbers 1* 98
Starting Activity Number 1 98

*0 is also a valid input but tells the program that there are no more
inputs for these variables.

The limits set for preceding activity numbers (i.e., the identification
number) show that you can enter any activity between I and 98. However, the
t number of p4jjdgn activities for a sggle activity cannot exceed f13M.
The registers will be disrupted if more than five preceding activities or more
than 25 ending activities are used. The CPM program is not designed to check
these last two limits.

17



Press Resulting Disp lay C e

CI

ALPHA TOTAL # ACTIVITIES ?2 5 R/S ACTIVITY # -? See Note 13 RIS DURATION -
4 15 RIS PRD. ACT -
5 0 R/S ACTIVITY # -
6 2 R/s DURATION ?
7 20 R/S PRED. ACT ?
8 l R/S PRED. ACT ?
9 0 RIS ACTIVITY -?
10 3 RS DURATION - ?
11 18 Rjs PRED. ACT - ?
12 1 /S PRED. ACT - ?
13 0 RS ACTIVITY # - ?
14 4 R/S DURATION - ?
15 18 R/S PRED. ACT - ?
16 3 R/S PRED. ACT - ?17 o R/S ACTIVITY f - ?
18 5 Ls DURATION - ?
19 20 R/S PED. ACT - ?
20 2 R/s PRED. ACT - ?
21 4 R/S PRED. ACT - ?
22 0 Rs ACTIVITY # - ?
23 0 RIS ANY CHANGES (Y/N)?
24 N j ENTER ENDING ACTIVITIES

END ACT. # ? See Note 225 5 R/s ND ACT. #?
26 0 ALS START ACT. # - ? See Note 327 1 Ri/S ACT # - 1.28 RIS DURATION - 15. See Note 4
29 R/S ES -0.
30 R/S EF - 15.
31 / IS -0.
32 L/s F - 15.
33 TF 0-
34 R/S ACT # - 2.
35 R/S DURATION - 20.
36 PRED. ACT - 1.
37 R ES - 15.
38 R/j EF - 35.
39 RKS LS - 31.
40 IFs - 51.
41 TPE TF -16.42 RUS ACT # - 3.
43 DURATION - 18.
44 . PRED. ACT - 1.

Figure 5. CPm program problem example.
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Press iesulting Disnlay Coments

45 R/S ES - 15.
46 RIS EF - 33.
47 R/s IS - 15.
48 R-S LF - 33.
49 RI - o.
50 R/S ACT # 4.
51 R/S DURATION - 18.
52 RFS PRED. ACT " 3.
53 RIS ES - 33.
54 R/S EF - 51.
55 R/S LS - 33.
56 R/S L - 51.
57 RIS TF - 0.
58 R/S ACT # - 5.
59 RIS DURATION - 20.
60 RFS PRED. ACT = 2.
61 RIS PRED. ACT = 4.
62 RIS ES - 51.
63 RIS EF - 71.
64 RIs - 51.
65 ..S LF - 71.
66 RI - 0.
67 RS END PROGRAM

Notes:

1. Activity numbers must be positive integers, beginning with 1. The numbers
must be c~asecutive, but need not be entered sequentially.

2. Ending activities are those activities that do not precede any other
activity.

3. The starting activity number will tell the program where you want to begin
to output the results.

4. If the printer is connected and in the NORM mode, lines 28 through 67 will
be output automatically. You do not have to press the RLS key.

Figure 5. (Cont'd).
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TOTAL #ACTIVITIES-?

ACTIVITY#-?
1. RUN Simple Network

DURATION-?
15. RUN

PIED. ACT-?

ACTIVITY#-? 0. RUN

2. RUN

DURATION-?
20. RUN

PRED. ACT-?
1. RUN

MRED. ACT-? 0 U asDy
0. RUN

ACTIVITY#-?
3. RUN

DURATION?
16. RUN

PIED. ACT-?
1. RUN

PRED. ACT?
0. RUN

TVT#-? 4. RUN TF. Cut & Paste Solution
DURATION-?

18. RUN / 0. ii. 15.'
PRED. ACT-? / 15. /

3. RUN / . 5./
PRED. ACT-? •- T,6.

0. RUN
ACTIVITY#-? 15. #2. 35.

5. RUN 28.
DURATION.? \ TF4. / 31. 51./

20. RUN
PRED. ACT-? /15. 3. 33./

2. RUN / 18. /

PIED. ACT-? 4. RUN 33.

PIED. ACT-?
0. RUN 3. TF4.

ACTIVITY#-? 0...........

0. RUN '33. 04. 51.'
ANlY CHANCES(Y/N)? 

3 s. /

N RUN / 33. ** 51.,
ITER ENDING ACTIVITIES

END ACT.S-?
5. RUN 2. TF-.

ACT.? 0. RUN 4.

STAIT ACT.f-? / 20.

1. RUN 7 2, .

Sig KE?(y/x)?
T RUN

M5 T# EF/

, IiMITII /
4S LF/

Figure 6. CPM program example (with printer).
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4 THE ROAD CRATER PROGRAM (CRATER)

The road crater program computes the amount of explosive, number of
cratering charges, and the number and depth of holes needed to produce hasty,
deliberate, or relieved-face road craters for lengths of crater you specify.

General Prokram Information

Abbreviations used in the CRATER program are listed in Table 5. Input
variable operating limits are listed in Table 6.

Proaram Seauence

The typical sequence of events and the options you encounter when execut- I
ing this program are shown in Figure 7.

CRATER Program Example

Determine how much TNT, how many boreholes, and how many 40-lb cratering
charges are required to blast a 41-ft-long deliberate crater.

Figure 8 shows how to solve this problem using the CRATER program. Fig-
ure 9 gives three examples of CRATER program output with printer attached.

EXECUTE CRATER

ENTER CRATER LENGTH

INDICATE IF CRATERING CHARGES ARE TO BE USED

SELECT TYPE OF CRATER

ENTER CRATER DEPTH
(for "hasty" option only)I I

PROGRAM COMPUTES AND OUTPUTS RESULTS

Figure 7. CRATER program sequence.
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Table 5

CRATER ProgrI Abbreviations

CGCharge

XWPLO zploaive($)
T Feet

LII Pounds
(YIN) (Yes/so)

# Number
Sun of (Total)

Table 6

CRATER Program Input Variable Operating Limits

Zarakla Uial
Crater Lenigth Feet 12 999

Crater Depth Feet 7.5 13

Soeurce leference Notes:

FlI 5-34 (September 1976). pp 28-32
IN 5-35 (February 1971), pp 3-21 through 3-25

1 In

'L''

~AU
iL CUATnE L UZ, (FT) = ?

2 41 LL. USE CUATER CEAIGE (T/u)?
3 T W/ CUTE TM: sea Note 1
4 j ,STY (YIN)?

5 N IlN DEIUATE (T/N)?
6 TLW #77T. UM -4. See Note 2
7 111 #5 FT. OLI - 2.

S ~ ~ CUTE CM1' - 10.

9 ILL fIM: TNT. LZB - 2.
10 IL ILO, M3 402.
11 I AI ASO: NID SRFE CHARGES
12 .1 TO NUBT DoSMOL3II
13 INL ID IROQAM

Notes:

1. Crater-type Mlem Orderv Baty, Deliberate. Relieved-race

2. If a priter is concte ad i the WN e. Steps 7 though 13 vill be

output automtically.

Figure 8. CRATER progrI problem example.

23



XROM "CRATER" XROM "CRATER"
CRATER LENGTH, (PT)-? CRATER LENGTH, (PT)-?

41.0 RUN 41.0 RUN
USE CRATER CHARGE(Y/N)? USE CRATER CHARGE(Y/N)?
N RUN Y RUN
CRATER TYPE: CRATER TYPE:
HASTY(Y/N)? HASTY(Y/N)?
Y RUN N RUN
CRATER DEPTH, (FT)-? DELIBERATE(Y/N)?

7.5 RUN N RUN
RELIEVED FACE(Y/N)?

#HOLES-6. Y RUN
HOLE DEPTH,FT-5.0
EXPLOSIVE, LBS/HOLEi50. FRIEND SIDE:

#5FT.HOLES-6.
EXPLO, LB-3O0. #CRATER CHG=6.
ALSO: NEED SHAPE CHARGES PRIMER:TNT, LBS-6.
TO BLAST BOREHOLES!
END PROGRAM ENEMY SIDE:

#4FT.HOLES-5.
TNTLBS=I5O.

XROM "CRATER"

CRATER LENGTH,(FT)-? EXPLO,ZLB-396.
41.0 RUN ALSO: NEED SHAPE CHARGES

USE CRATER CHARGE(Y/N)? TO BLAST BOREHOLES!
Y RUN END PROGRAM
CRATER TYPE:
HASTY(Y/N)?
N RUN
DELIBERATE(Y/N)!?
Y RUN

#7FT . HOLES-4.
#5FT.HOLES-2.
CRATER CHG-10.
PRIMER: TNT, LBS-2.

EXPLO, ZLD-402.
ALSO: NEED SHAPE CHARGES
TO BLAST BOREHOLES!
END PROGRAM

Figure 9. CRATER program examples (with printer).
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5 THE DEMOLITION PROGRAM (DEMO)

The demolition program determines the amount of explosive required, the
number of explosive units, the number of charges, and the minimum safe dis-
tance for the following engineer activities: cutting timber, cutting steel,
and breaching walls. A menu of explosive types to be used is also presented.
The program has three timber cutting options: internal charge placement,
external placement, and abatis. The steel cutting options cover four applica-
tion areas: railroad rails, round steel sections, structural steel sections,
and carbon steel rods. The breaching applications are used in conjunction
with applicable tables in FM 5-34.

General Proitram Information

Abbreviations used in the DEMO program are listed in Table 7. Input
variable operating limits are listed in Table 8.

Program Sequence

The typical sequence of events and the options you encounter when execut-
ing this program are shovu in Figure 10.

DEMO Program Example

Determine the amount of explosive required, the number of explosive
units, the number of charges, and the miminum safe distance required to breach

EXECUTE DEMO

SELECT TYPE OF EXPLOSIVE

CHOOE APLICATION

ENTER APPROPRIATE DATA FOR THE CHOSEN APPLICATION

PROGRAM COMPUTES AND OUTPUTS:
POUNDS OF EXPLOSIVE REQUIRED

NUMBER OF EXPLOSIVE UNITS
NUMBER OF CHARGES (for BREACHING APPLICATION)

"IN OPEN" SAFE DISTANCE

Figure 10. DEMO program sequence.
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Table 7

DEMO Program Abbreviations

Symbol Meaninst

BREACH Breaching
C Tamping Factor
CONCR Concrete

DEMO Demo lit ion
DIA Diameter
DIST Distance
EXPLO Explosive
EXTERN External
FT Feet
HT Height
IN Inches
INTERN Internal
K Material Factor
LB !'ound(s)
M Meter
MIN Minimum
REINF Reinforced
REQD Required
RR Railroad
SECT Section
STL Steel
STR.STL. Structural Steel
SQ. IN Square Inches
TAB Table
X-SECT Cross-Sectional
(Y/N) (Yes/No)
# Number

Table 8

DEMO Program Input Variable Operating Limits

Variable Units Minimum Maximum

Timber Diameter Inches 0.5 180
Rail Height Inches 1 9
Bar Diameter Inches 0 24
X-Sect Area (Inch)2  0 99
Section Diameter Inches 0 99
Material Factor, K 0.07 1.76
Tamp Factor, C 1 3.6
Barrier Width Feet 0 999
Breaching Radius Feet 0.1 99

Source References:

FM 5-34 (September 1976), pp 24-29
FM 5-29 (February 1971), pp 1-6 and 3-20
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a reinforced wall 7-1/2 ft thick and 42 ft long, using ground placed, tamped
charges.

Figure 11 shows how to solve this problem using the DEMO program. Figure
12 gives three examples of DEMO program output vith printer attached.

SeD Press Resulting Displav Coents

DEMO
APHA EXPLOSIVE TYPE: See Note 1.

2 R/S TNT (YIN)?
3 N R/S M112 C4 (1.25 LB) (Y/N)?
4 N R/S M5AI C4 (2.5 LB) (Y/N)?
5 N R/S DYNAMITE, Ml (Y/N)?
6 Y R/S APPLICATION:
7 K/S CUT TIMBER (Y/N)?
8 N R/S CUT STEEL (Y/N)?
9 N R/S BREACH (Y/N)?

10 Y R/S TAB. 2-3, FM 5-34: See Note 2.
11 R/S MATERIAL FACTOR, K - ?
12 .54 R/S TAB. 2-4, FM 5-34: See Note 3.
13 R/S TAMP FACTOR, C - ?
14 2 R/S BARRIER WIDTH, (FT) - 7
15 42 R/S BREACH. RADIUS, (FT) - ?
16 7.5 R/S REQD. EXPLO, LBS - 1,486.5
17 RKS # EXPLO. UNITS - 2,973. See Note 4.

18 K/S # CHARGES - 3.
19 R/S OPEN, SAFE DIST, M - 1.141.
20 R/S END PROGRAM

Notes.:

1. Explosive Type Menu Order: TNT, M112 1,4(l.25 lb), M5AI C4(2.5 lb), Dynam-
ite, Tetrytol, M118 Sheet (0.5 lb), M186 Roll (25 lb)

2. See Table 2-3, FM 5-34 to determine the material factor, K

3. See Table 2-4, FM 5-34 to determine the tamp factor, C

4. If a printer is connected and in the NORM mode, steps 17 through 20 vill
be output automatically.

Figure 11. DEO program problem example.
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XROM "DEMO" X'ROK "DEMO"
EXPLOSIVE TYPE: EXPLOSIVE TYPE:
TNT(Y/N)? TNr(Y/N)?
N RUN N RUN
14112 C4(l.25L1)(YIN)? M4112 C4(1.25L1)(Y/N)?
Y RUN N RUN
APPLICATION: 143A1 C4(2.5LB)(YIN)?
CUT TINBER(Y/N)? N RUN
y RUN DYNAITEN1(Y/N)?
TINBER DIA.(IN)-? y RUN

24.0 RUN APPLICATION:
CHARGE PLACEMENT: CUT TINIER(Y/N)?
ABATIS( YIN)? RUN
N RUN CUT STEEL(Y/N)?
EXTERN.(Y/N)? N RUN

y RUN
REQD.EXPLO,LS-11.3 TA RUN4534

#EXPLO.UNITS-9. AEILFCO,-
IN OPEN,SAFE DIST,M-300. .5 RUNORK-
END PROGRAM T&B.2-4,F145-34:

TAMP FACTORC-?
2.0 RUN

XROM "DEMO' BARRIER WIDT,(FT)-?
42.0 RUNEXPLOSIVE TYPE: BREACH, RADItJS,(FT)-?

TNT(Y/N)? 7.5 RUN
Y RUN
BLOCKSTNT, 1LB(Y/N)? REQD.EXPLO,LBS-1,486.5
N RUN #EXPLO.UNITS-2,973.
APPLICATION: CAGS3
CUT TINBER(Y/N)? OPENARE. DIST,M-1,141.
N RUN END PROGRAM
CUT STEEL(Y/N)?
Y RUN
TYPE STEEL:
R.RAIL( YIN)?
y RUN
RAIL.* T. (IN)-?

5.0 RUN
RR. FROG( YIN)?
N RUN

REQD.LIPLO,LBS-1.0
#EXPLO,UNITS-2.
IN OPENSAFE DIST,14-300.
END PROGRAM

Figure 12. DEMO program examples (with printer).
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6 THE MINEFIELD PROGRAM (MINES)

The minefield program computes the logistical requirements for installing
a standard pattern minefield given the field density, the irregular outer-edge
cluster composition, the field length and depth, and conditions under which
the work is to be done.

General Profram Information

Abbreviations used in the HINES program are listed in Table 9. Input
variable operating limits are listed in Table 10.

Prosr-- Seauence

The typical sequence of events and the options encountered when executing
the MINES program is shown in Figure 13. I
MINES Proaram Example

Determine the logistical requirements for a minefield, 400-m long and
400-u deep, with an AT-APF-APB mine density of 1-1-0, and an AT-APF-APB mine
Irregular Outer Edge (10E) cluster composition of 1-2-2.

Figure 14 shows how to solve this problem using the MINES program. Fig-
ure 15 gives two examples of HINES program output with printer attached.

EXECUTE MINES

ENTER MINE DENSITIES

ENTER IOE CLUSTER COMPOSITION

INDICATE IF NIGHT WORK IS TO BE DONE"j *
INPUT MINEFIELD LENGTH IN METERS

PROGRAM COMPUTES LOGISTICAL REQUIREMENTS

I
RETRIEVE RESULTS

Figure 13. MINES program sequence.
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Table 9

MINES Program Abbreviations

Sym~bol ena

APB Anti-Personnel Blast
APF Anti-Personnel Fragmentation

AT Anti-Tank
IOE Irregular Outer Edge
M Meter(s)
MAX Maximum
MMF Main Minef ie ld
RL Reel(s)

(YIN) Yes/No
# Number

Table 10

MINES Program Input Variable Operating Limits

Variable Units Minimum Maximum

Mine Densities:
AT Mines/M Mines/M 0 4
APF Mines/M Mines/M 0 16
APB Mines/M Mines/M 0 16
IOE Cluster Composition:
No. of AT Mines Each 0 1
No. of APF Mines Each 0 5
No. of APE Mines Each 0 5
Minefield Length Meters 0 5000
Minefield Depth Meters 0 999

Source Reference Notes:

FM 5-34 (September 1976), pp 54-59
FM 5-20 (November 1976)
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ALM Pres Resulting Disolay Comgnts

1 XH&

MINES
ALPHA ENTER MINE DENSITY:

2 RS # AT/M - ?
3 3 LS # FM - ?

4 4AL # APB/M -?
5 8 Ajj IOE CLUSTER COMPOSITION:

7 1 Wj #APF ?
8 2 V #AP
9 2jj A DO AT NIGT (Y/N)?

10 N RI FIELD LENGT, (M) ?
11 400 ALS_ FIELD DEPTH, (M) -?

12 400 RS TOTAL MINES:

13 ALA # AT 1,370. See Note 1.

14 # APF - 1,859.

15 L # APB - 3,619.

16 R/S IOE MINES:
17 L # AT 45.
18 R/S # APF 90.
19 AL. # APB- 90.
20 M F MINES:
21 L # AT = 1,200.

22 L # APF - 1,600.

23 1__$ # APB - 3,200.

24 # I0E CLUSTERS 
= 45.

25 AS # STRIPS - 9.
26 VS 2-STRAND, 4-SIDE FENCE:
27 A # WIRE (EL) - 13.
28 # SIGNS, PICKETS - 165.

29 # SANDBAGS - 3,780.
30 MANHOURS - 962.
31 END PROGRAM

Notes:

1. If a printer is connected and in the NORM mode, steps 13 through 
31 will

be output automatically.

Figure 14. MINES program problem example.
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XRON "MINES* XRQM HJINEC.
ENTER NINE DENS!TY: ENTER NINE DENSITY1
OAT/W#:?N'

1.80 RUNi 3.00 RUN
#APF/N=') #APF/N=?

1.88 RUN 4.68 RUN~
#APB/M=! #APB/"=?

2.88 RUN 6.00 RUN
JOE CLUSTER COMPOSITION: IOE CLUSTER COMPOSITION
#AT-? #AT=?

#P='1. RUN IAF)1. RUN

#APB=' 1. RP 2 Ru

1. RUIZ 2. RUN 4
1O AT NIGHT(YtN)? 1O AT NICHT(Y/N)?
Y RUN N RUN
FIELD LENGTH, ()z? FIELD LENGTH, (N)=?

4@@. RUN 488. RUN
FIELD KPTH, (N)=? FIELD DEPTH, (N)=?

168. RUN 408. RUN

TOTAL MINES. TOTAL MINES:
#97490. #AT=1 ,370.
#APF=496. #RPF=1 ,859.
SAPB=930. #APB-3,61 9.
IGE NINES: JOE NINES:
#AT=45. #AT=45.
#APF:45. #APF=90.
#APB=45. #0PB=98.
NN NINES NNF NINES:
#AT=400. #WT:I,290.
*APF=4ft. #APF=1 .680.
#APB--On. *APB3,200.
BIDE CLUSTERS=45. HIOE CLUSTERS=45.
#STRJPS=3. #STRIPS=9.
2-STRANDA-SIDE FENCE: 2-STRANI4-SIDE FENCE:
wlRE(RL):9. 00IRE(AL)13.
#SIGNS,PICKETS=189. #SICNS,PICKETS=165.
#SANWAS!,358, #SIINUAS=3, 788.
MNNOIR=436. NQNNURS=962.
END PROGRAM END PROGRAM

Figure 15. MINES program examples (vith printer).
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7 THE WIRE OBSTABLE PROGRAM (WIRE)

The WIRE obstacle program computes the logistical requirements for
installing any of seven common wire obstacles: double apron fence, 4- and 2-
pace; double apron fence, 6- and 3-pace; high wire; low wire; 4-stand fence;
triple standard concertina; and general purpose barbed tape obstacle. The
program can also be used to compute the effective length of the obstacle
according to its function and location on the battlefield. If you already
knuw the effective length, you can input the effective length directly.

General Profram Information

Abbreviations used in the WIRE program are listed in Table 11. Input
variable operating limits are listed in Table 12.

Program Sequence

The typical sequence of events and the options encountered when executing
this program are shown in Figure 16.

WIRE Program Example

Determine the effective length, the number of 300-u sections, the amount
of material, the number of manhours, and the number of truckloads required to
construct a triple-standard concertina obsLacle. The entanglement is for pro-
tecting an area on the FEBA which has 100 m of actual front. Only one belt of
wire is to be used. The construction is done at night with experienced
troops.

Figure 17 shows how to solve this problem using the WIRE program. Figure
18 gives two examples of WIRE program output with printer attached.
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Table 11

WIRE Program Abbreviations

SymbolI Meanina

DBL. Double
EFF.LEN. Effective Length
FEBA Forward Edge of the Battle Area
GPBTO General Purpose Barbed Tape ObstacleM Meter(s)
HED Medium
T Ton(s)
(Y/N) (Yes/No)
3-STD Triple standard
# Number

Table 12

WIRE Program Input Variable Operating Limits

VAriable Units aju MaximuM

Camp Perimeter Meter 0 50,000
Length of Front Meter 0 50,000
Unit Depth Meter 0 5,000
Effective Length Meter 0 2,250,000
Number of Belts Each 1 9

Source Reference Notes:

FM 5-34 (September 1976), pp 105-109
FM 5-15 (June 1972), pp 6-10, 6-22, and 6-23
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Execute WIRE

Is Effective Length Known?

NO I YES

Select Type Enter
of Troop Development Effective Length in

Mete rs

(Base Cmp) (FEBA)

emti
Enter Camp Enter Length of
Perimeter in Meters Front in MetersI !

Select Nov Wire
Is To Be Used

Enter Unit Depth in
Meters if Wire Use Is
Supplemental: FEk, REAR!

Program Computes Effective
Length in Meters

I Select Special Conditions From Menu

Select Barrier Type from Menu

Program Computes Logistical Requirements

Retrieve Results

Figure 16. WIRE progrOA sequence.
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I

SteD Press Resulting Display Comments

1 XEQ
ALPHA
WIRE

ALPHA KNOW. EFF. LEN (Y/N)?
2 N RIS ON. FEBA (Y/N)?
3 Y R/S FRONT LENGTH, (M) ?
4 1o RlS # BELTS - ?
5 1 R/S WIRE USE: See Note 1.
6 R/S TACTICAL (Y/N)?
7 Y R/S EFF. LEN, M - 125.
8 R/S USE BARBED TAPE (Y/N)?
9 N R/S EXPERIENCED TROOPS (Y/N)?

10 Y R/S USE DRIVEN PICKETS (Y/N)?
11 N RuS DO AT NIGHT (Y/N)?
12 Y R/S BARRIER TYPE: See Note 2.
13 RIS DBL APRON 4+2 (Y/N)?
14 Y RIS 300M SECTIONS - 0.4
15 R/S PICKETS, LONG = 42. See Note 3.
16 RS PICKETS, S1IORT = 83.
17 R/S # WIRE REKLS:
18 R/S USING U-PICKETS " 6.
19 R/S USING PICKET, SCREW - 6.
20 RIS USING PICKET, WOOD - 7.
21 RIS MANHOURS - 25.
22 R/S # 2.5T LOADS - 0.3
23 R/S END PROGRAM

Notes:

1. Wire Use Menu orders: Tactical, Protective, Supplemental

2. Barrier Type Menu Order: double apron, 4- and 2-pace; double apron, 6-
and 3-pace; high wire; low wire; 4-wire fence; triple standard concertina;
general purpose barbed tape obstacle

3. If a printer is connected and in the NORM mode, do not press the RIS key
for Steps 15 through 23. The results will be output automatically.

Figure 17. WIRE program problem example.
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XRON 'HIRE"XO IE
KOM. EFF. LEN . ( YiN? ON*IE

N RUN KNOILEFF. LEN. (Y/N)?

ON.FEBA(YN)? "' RUN

y RUN EFF.LEN.(N)=?
FRONT LENGTN,(N)=? 1,596. RUN

#BE.TS=? N RUN

1.ELRUN EXPERIENCED TROOPS(Y/N)?
MIR RUE: N RUN

TACTICAL(YIN)?(IEDIE CKTY/?

y RUN yRUN

EFF. LEN,N=125. 10 AT HIGHT(Y/N)?
USE BARBED TAPE(Yi'N)? NIR TYPUN

N RUN I APRON 4+2(Y/N)?
EXPERIENCED TROOPS(YINY

yRUN N RUM
1St. APRON 6+3(YiN)'

USE DRIVEN PICKETS(YtN)*7NR
N RUN NIGH MIRE(Y/N)? RU
DO AT NIGNT(Y'N)?
v RUN N RUN

BARIER TYPE: LOW NIRE(Y/N)?
1St. APRO 4#2(Y/N)? N RUN

4-MIRE FENCE(Y/N)?
y RUM N RUN

INN SECTIONScl.4 CONCERTINA, 3-STD(Y/N)?

PICKETS,1ONG242. y RUN

PICKETS, SHORT=83. 3WI SECTIEOlS=5.0
DRIRE REELS:PIETLN= .

USINGUPICKTS4.PICKETS,LSORT:.
USING UPICKETSAR. I ERES
USING PICKET,S M01?. UI KS U-PICKT S .

NAHUV.25. USING UPICKETSE=15.
62. 5'LOADS4. 3 USING PICKETACREO0i5.

END POGRAMROLL CONCERT INA-M9.
STAIPLESZ=1 585.
ININOURS=156.
62. S'LOADS4. 4
END PROGRAM

Figure 18. VIRE program examples (with printer).
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8 GLOBAL UTILITY SUBROUTINES

The global subroutines are used by the six main application programs
stored on MILENG/UTIL and can be used by you to write your own programs. The
subroutines can also be used by other military engineering programs that may
one day be stored on ROMs designed to be used concurrently with the
MILENGI/UTIL ROM. This convention will save a lot of room on future ROMs and
in user-developed programs -- room that would otherwise be needed to store
similar subroutines. If programmers adopt these subroutines, the military
engineer community should find it easier to understand each oLhers' programs.

Conventions

The following information on register use applies to all global utility
subroutines. Registers 20 through 29 are reserved for existing and future
global utility subroutines. Registers 20 through 23 are used to store tem-
porarily up to 24 characters of a message that will be presented as a prompt
of some sort to a program user. Each register stores up to six characters.
Register 24 is an indirect storage register for a "pointer" to show where the
next input value will be stored. Registers 25 and 26 store the minimum and
maximum limits, respectively, of the current input variable. Registers 27
through 29 are reserved for global subroutines that may be developed in the
future.

The following flag conventions are also used. Flag "10" records the
results of a yes/no question. The flag is set if the response is "Y" (yes)
and cleared if the response is "N" (no). Flag "9" is programmed into subrou-
tine *I (numeric input) and *A (alpha input) to allow an answer already stored
somewhere to be used instead of the user-defined values (alpha or numeric)
that usually result when the *I and *A subroutines are invoked. Although this
option is not used in any of the six main application programs on
MILENGl/UTIL, the potential to bypass the normal user-input route and to use a
value already in the system is available in these two subroutines. This flex-
ibility may be useful in future applications.

Flag "8" was not used in the MILENGl/UTIL programs. It is reserved for
future use as a "glual use" flag, which "jumps over" certain parts of a pro-
gram that do not have to be executed each time on repetitive runs. Flags "0"
through "7" are reserved for application program use and are cleared each time
the *F subroutine is invoked.

Global Subroutine *S

Running global subroutine *S should always be one of the first steps in
any program ; this insures that adequate data registt~rs have been allocated for
the program being executed. If enough registers are available, the sub-
routine returns to the main program and continues execution; if not, a user is
prompted to resize the memory. The program must then be restarted.

Before using the subroutine, the entry condition must first be satisfied.
The number of data registers required for the program is first loaded into the
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X register. Note that this is the actual number required, not the number of
the highest register, which would be one less because register 00 counts as
one register. *S is then executed.

The following exit conditions are observed: *S returns to the calling
program if adequate registers are available; otherwise, *S prompts to resize.
Assume that the stack contents are destroyed upon the return.

A sample calling sequence follows:

Program
Instruction Explanat ion

61 Loads "61" into X register; says that 61 registers
(0 through 60) are required for this particular program;

XEO "*S" Calls the *S subroutine

xxxxxxxxxx Resume with main program

Note that *S also uses global subroutines *0 and *D.

Global Subroutine *F

This subroutine clears flags "00" through "07"; it should be used to ini-
tialize a program and to "clean up" at the end of each application program.

To use the subroutine, simply execute *F. *F returns to the calling pro-
gram once flags "00" through "07" have been cleared.

A sample calling sequence follows:

Program
Instruction Explanat ion

XEO *F Calls the *F subroutine

xxxxx Resume with main program

Global Subroutine *1

Global subroutine *I prompts for numeric input; a single tone will signal
that input is required. If the input provided is not numeric, the prompt will
be presented again.

The input value must pass a range check. If the input is out of range, a
user is informed of the maximum or minimum acceptable value and reprompted.
Global subroutine *1 has a built-in option; if a user presses only the R/S
key, he will be prompted with the current value.

To use *I, the indirect -egister pointer in register 24 must be set to
the data register the input is to be stored in. This pointer is incremented
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during eaci input call and has to be set only once if sequential input is to
be stored ia sequential registers. A prompt line and maximum and minimum
acceptable value for the input are passed to the subroutine from the main pro-
gram. The subroutine will not return to the main program until an acceptable
value has been iaput. A "=?" is automatically appended to the prompt. If
flag "9" is set, an "-s" sign, the current value in the specified register, and
a "?" are added to the prompt and displayed.

Entry conditions when calling *I are as follows: register X must contain
the minimum acceptable value, register Y must contain the maximum acceptable
value, register A must contain the prompt. Register 24 must contain the
address of the register that the input is to be stored in.

The exit conditions from *1 occur when an acceptable value has been
entered; *1 then returns to the calling program. (If flag "9" is set and RIS
is pressed without 1wimeric entry, the current value is used.) The input value
is ztored in the specified register and in the X register. The rest of the
stack should be considered destroyed.

A sample calling sequence follows:

Pro gram

Instruction Ex~lanation

SF 09 Optional: used if "current value" of variable is to be
presented to user for verification.

30 Identifies register address where input is to be stored.

STO 24 Stores indirect register address in register 24.

123 Specifies maximum acceptable input value

ENTER Places maximum value in Y register

-37 Specifies minimum acceptable input value and puts in

X register

"HEIGHT." Specifies prompt to be presented to user

XEQ "*I" Calls subroutine *1

CF 09 Used only if SF 09 option is used

xxxxxxxx Resum with main program

Note that if input is sequential, the second two instructions only have to be
programmed before the first variable is input. Also, if the current value
option is used, make sure the calculator is FIX'd to the desired setting
before calling *I. Note that *I also uses global subroutines '.1 and *D.
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Global Subroutine *0

This subroutine displays labeled output. A label is passed to the sub-

routine, and an "-" and the value in the X register are appended. A two-tone
sequence signals output. The routine then displays the labeled answer. If a
printer is attached, the output display is printed and the program continues
execution after a pause. If no printer is attached, program execution stops
umtil the the R/S key is pressed.

Before executing the subroutine, insure that register X contains the
numeric data to be displayed and that register A contains the label to be
appended. When the subroutine is done, it returns to the calling program. No
registers are affected.

A sample calling sequence follows:

Program
Ins truction Explanat ion

4.27 Puts value to be displayed in X register

"ANSWER" Puts label to be used in alpha register

XEQ "*0" Executes the *0 subroutine

xxxxxxxx Resume with main program

Note that the calculator should be FIX'd to the desired accuracy before exe-
cuting *0. lote that *0 also uses global subroutine *D.

Global Subroutine *D

This subroutine displays an alphanumeric text line. A two-tone sequence
is used to signal the display; the routine then displays the contents of the
alpha register. If a printer is attached, the output is printed and
displayed; the program continues execution after a pause. If no printer is
attached, program execution stops until the R/S key is pressed.

Before executing *, insure that register A contains the alphanumeric
text to be displayed. When *D is done, it returns to the calling progra. No
registers are affected.

An example calling sequence follows:

Program
InstuconsaA a

"SAMPLE" Puts text to be displayed in alpha register

XEQ "'D" Execute the *D subroutine

xxxxxxxx Resume with main program
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Global Subroutine *Y~

This subroutine takes a prompt that is passed to it and appends "(YIN)?"
to it. A user must then respond with "Y" or "N" or the routine will reprompt.
The answer to the query is returned to the calling program as flag "10"
status. For "Y" responses, flag "10" is set; for "N" responses, it is
cleared. The routine automatically places the calculator in the alpha mode
before prompting and turns off the alpha mode after a response is input.

Before executing *Y, insure that register A contains the query text.
When *Y is done, it returns to the calling program. Flag "10" status is
affected.

A sample calling sequence follows:

Program
Instructions EXvlanation

"PRINT" Puts query text in alpha register

XEQ 11*Y1 Executes the *Y subroutine

FS? 10 Tests response: set-yes; clear-no

xxxxxxxx Resume with main program

Global Subroutine *A

This subroutine prompts a user for alpha input. A maximum of 12 alpha
characters are stored. A tone sounds to signal that input is required. A
built-in option will allow you to prompt with the "current value" of the alpha
variable. Under this option, if R/S is pressed, the "current value" of the
text will be used when the program continues execution.

This subroutine requires that the indirect register address (pointer)
stored in register 24 be set to the data register the alpha input is to be
stored in. The alpha input is stored in two registers, six characters in
each. The pointer in register 24 is incremented twice during each input call,
so it only has to be set once if a string of input is to be put in sequential
registers. A prompt line to label the input is passed to the subroutine, and
a "-?" is added to this prompt by the subroutine.

To use the subroutine, the entry conditions must be satisfied. Register
"A" must contain the prompt. Register 24 must contain the address of the
register that the first six characters of the input will be stored in. If you
set flag "9" before calling *A, the "Current value" in the specified registers
will be appended to the prompt and will be presented for vfK '.ication. If a
user agrees vith the alpha value assigned, he would press the R/S key, and the
program would use that alpha value for the variable. If a user elects to
change the value, he would simply enter the correct alpha string (12 charac-
ters or fewer) and then press the =S~ key. This new alpha value would then be
used in place of the "current value."
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The following exit conditions result: *A returns to the calling program,
and the input value is stored in the specified registers. No other registers
are affected.

A sample calling sequence follows:

Program

Instructions ENDIA&LJion

SF 09 (Optional) If current value of variable is to be
presented to user

30 First register address where input is to be storfd

STO 24 Stores first indirect register address in register 24

"VARIABLERAMI" Specifies prompt to be presented to user

XEQ "*A" Calls the "*A" subroutine

CF 09 Used only with "SF 09" option.

xxxxxxxx Resume with main program.

Note that if input is sequential, only the second and third instructions need
to be programmed before the first variable is input.

Global Subroutine *C

This subroutine clears a specified range of registers by storing a "0" in
them. This subroutine should be used instead of CLRG so that the contents of
registers not used in the application program are preserved.

Before the subroutine can be used, the entry conditions must be satis-
fied. Register X must contain the range of registers to be cleared; the for-
mat is fff.lll, where fff is the address of the first register to be cleared
and 111 is the address of the last register to be cleared.

After the specified registers have been cleared, *C exits to the calling
program. The stack should be considered destroyed.

A sample calling sequence follows:

Program

30.045 Specifies address of registers to be cleared
(30 through 45)

XEQ "*C" Calls the *C subroutine

XxxxxXX Resume with main program
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Global Subroutine *R

This subroutine "rounds-up" a value and displays the integer portion of
the number. The subroutine first adds 0.99 to the value stored in register X,
then uses the integer portion of that value. Before entering the subroutine,
insure that register X contains the value to be rounded. When *R is done, it
returns to the calling program.

A sample calling sequence follows:

Program
Instructions Explanation

5.49 Specifies value to be rounded; could also be a recall
RCL instruction

XEQ *R Calls the *R subroutine

xxxxxxxx Resume with main program

Global Subroutine *P

This subroutine displays the "END PROGRAM" message in large type. A
two-tone sequence alerts the user; *P then displays the message. There are no
pre-entry conditions for *P. The subroutine is called directly with the
instruction, "XEQ *P". When *P is done, it returns to the calling program; no
registers are affected.
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