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IDAHED( is an interactive computer model of’ two—sided conventional
land warfare. It keeps the players infoni~ed of the situation and
accept s their Instructions to their forces. Units can move by land ,
sea, or air. A unit ’s movement rate Is variable , depending upon its
posture, the conditions of its movement, and the adequacy of transport.
Attrition in en~ .gements is assessed by a heterogeneous Lanchester
square process. Air support can be played. Supplies consumption
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can be assessed , and logistIcs can be played . The model reco~~iizes
severed lines of retreat and lines of supply and imposes appropriate
consequences. The documentation consists of three volumes: (1) A
Guide for Potential Users; (2) Game DesI~~ier’s Maxiual; (3) Player’s
Manual .
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PREFACE

IDAHEX is a computerized model of conventional  land
warfare at the  theater  level . Its documenta t ion  cons is t s  of :

Volume 1: A Guide for Potential Users
Volume 2: Game Desi gner ’s Manual
Volume 3: P layer ’s Manua l

Volume 1 out l ines  the model ’ s fundamental  cha rac te r i s t i c s .
Volume 2 (this volume ) comprehensively describes the model and
its data base. Volume 3 contains enough information for some-
one with a modest knowledge of land warfare to play an IDAHEX
game . It outlines the entire model , identifies information
the game designer should give the players , and describes IDAHEX
as a war game from the players ’ perspect ive .

Comments and inqui r ies  are welcom ed.  They should be directed
to the author (telephone: 7 0 3 — 5 5 8 — l 8 7 ’4 ) .
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1 . UNDERSTANDING THE MANUAL

IDAHEX Is a model of warfare . The model has been
Implemented as a computer program , written In FORTRAN . Usually ,
no distinction is drawn between the model and the program ; t~iismanual refers to both as “I DAHEX ” .

As a model , IDAHEX imposes some s t ructure : there are
exact ly two sides In the confl ict, “Red” and “Blue”; each side ’s
force consists of indivIdual “battle units ” ; the postures that
a battle unit can assume are organized into rigidly sequenced
classes; the area on which the Red and Blue forces move and
fight , termed the “are a of war ”, is approximately rectangular
and Is par t i t ioned into regular hexagons;  each ba t t l e  un i t ’ s
location is identified with a hexagon. Within this structure
the “game designer ” creates a game . He specifies the compo—
sitions of the Red and Blue forces , the resources held by each
bat t l e  unit , the postures battle units can assume , the battle
un its ’ mobility, their resources ’ e f f ec t i venes s  In combat ,
the terrain of the area of war , and the size of the hexagons .
Loosely speaking, the model Is a war game whose rules are param-
eterized ; the game designer sets the parameters , turn ing  a gen-
eral structure into a specific game . As a tool for designing
war gaines , IDAI-IEX is valuable because:

( 1) it is sys temat ic , and therefore protects against
design errors and omissions ;

(2) It incorporates reasonably sophisticated procedures
for assessing movement , combat , air support , and
supplies consumption , obviating the time—consuming
alternatives of writing ad hoc computer programs and
making the assessments manualay;

(3) it contains extensive logic for handling the
consequences of maneuver.

The last point deserves emphasis. If a model plays maneuver at
all——i.e., if battle units can move in more than one dimension——
engagements may start and stop , battle units may be attacked
from multiple directions , attackers may be attacked from the
flank or rear, and enemy units may meet on the march. IDAHEX can
handle these events. Without that capability, the game designer

1—1~ 
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would have to rely on a control team to make ad hoc judgments
or would have to write a web of rules.

~~This manual describes the IDAHEX model and shows how to useIDAHEX to design a war game . The Glossary briefly defines all
variables input by the game designer as well as variables and
functions used internally by the IDAHEX computer program . De—
tailed information on almost any variable or function in the
Glossary can be found through the Index. Some variables and
functions~—easily identified because their names appear in
brackets—~~o not actually exist in the IDAHEX program but shouldbe treated just as any other variables and functions by the game
designer.~ - - They have precise analogs in the program , analogs
that are p~dagogically inconvenient because of special coding
to conserve storage . A variable whose name begins with a capital
letter may not correspond to any program variable; it is only a
pedagogical device. If a variable ’s value is set by inputs from
the game designer——the “game design data ”-—the variable ’s name
is italicized or underlined . In some cases , a variable ’s value
is set by the game design data but may be altered later by
IDAHEX ; the altered variable is identified by the same name
without italics or underlining. Examples:

(1) The array katk  is set by the game design data , but
IDAHEX almost immediately redefines it by multiplying
each element by tframe . The resulting variable Is
named “katk” to distinguish it.

(2) The vector of battle units ’ locations , buloc , is
initially set by the design data. But units ’
locations may change during the game . The vector
variable containing updated unit locations is
named “buloc ” .

A variable ’s name is never italicized or underlined simply because
its value is derived from game design data: ultimately, every
var iab le ’s value is determined by the game design data and the
players ’ Inputs.

The reader may be unaccustomed to variables ’ names contain-
ing lower—case letters . The IDAHEX documentation uses program
variables ’ names as they appear in the MULTICS version of the
IDAHEX computer program . In MULTICS FORTRAN and FL/I, the lower-
case letters constitute the primary alphabet , of which the upper-
case letters are an extension . Changing every lower—case letter
in the IDAHEX source program to upper—case produces a logically
equivalent program .

Unless the contrary is affirmed , a variable determining the
number of elements in a set may be 0. For example , the game
design data fix the value of nss (l), the number of types of Red

1.- 2
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supplies . Such size parameters let the game designer choose
from a spectrum of complexity. At one end he can play several
types of weapons , several types of transport , severa l t ypes
of supplies , and several types of personnel on each side. At

P the other end , he can play just one resource——an abstract
index of strength——on each side.

IDAHEX distinguishes three roles for its user or users :
the game des:!e~ner , who provide s the inputs that specify the
game (the game design data); the Red player , who commands the

P Red force; and the Blue player , who commands the Blue force.
If used in an interactive mode , IDAHEX gets the game design
data from one file——ordinarily associated with the card reader,
a tape data set , or a disc data set——and gets the players ’
inputs from one or two terminals. For maximum clarity, the
documentation is written as though IDAHEX is used interactively .

The term “unit” means “battle unit” unless the context in
which it is used indicates otherwise. The phrase “a Red type I
re sourc e”, or “a Red resource of type i” , means “a unit—quantity
of Red resources of Red resource type i” . (Here, “unit” means
“unit of measure ”, not “battle unit” .) Likewise for Blue . An
element of a vector or a (two—dimensional) matrix may be
indicated by use of parenthesized arguments instead of subscripts:

x(i) means x.,

a(i,j) means a1~~.

The variable a(i,*) is row i of the matrix a. The variable
a(*,j) is column j of the matrix a. These may also be written
as

a1
~ 

and 
~~~ 

-

The symbol “c ” , when used syntactically, means “in ” , “belongs
to” , or “is a member of” . Example : if C is a set , “u c C”
means “u is a member of C” . The same symbol with a line through
it (“i”) means “not in ” , “does not belong to” , or “is not a
member of” . If y and z are scalar variable s, y*z denotes their
product , and y**z denotes y raised to the power z.

L 1-3
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2. THE ELEMENTS OF PLAY

This section explaIns how IDAHEX structures the area of
war , the resources , and changes in unit posture s and locations.

2 .1 THE AREA OF WAR

The game board is termed the “area of war”--the area in
which the forces exist. It is partitioned into congruent ,
regular hexagons , as Figure 2.1 Illustrates. The hexagons are
termed “cells ” . A cell’s depth is defined as the distance from
one side to the side directly opposite it; this distance equals
the distance from a cell’ s center to any adjacent cell’s center.
(See Figure 2.2.) Tne variable depth is fixed by the game design
data. The cells are al~iays arranged In vertical ranks and num-bered as Figure 2.1 illustrates. The number of cells in the first
(the leftmost ) rank, nrankl , is fixed by the design data. (It
is 8 in Figure 2.1.) The next rank always has one less cell.
The number of ranks is jointly determined by nrankl and ncells,
the number of cells in the area of war. A cell may be “inactive ”——in effect , exclude d from the area of war. The bottom cell in
every rank (the highest—numbered cell in every rank) is always

p inactive , regardless of the game design data. A cell’s successors ”
are the cells that are adjacent to it and have larger numbers
than its own . They are ordered as follows: a cell’ s first suc-
cessor is the cell (if any ) below it , its second successor is
the cell to the upper right (if any), and its third successor is
the cell to the lower right (if any). By definition , for
1 ~ n ~ ncells and 1 ~ k < 3, [successor](n ,k) is the cell number
of the k—th successor of cell n unless cell n is inactive or its
k—th successor is inactive or nonexistent , in which case
[successor](n ,k) = —1. For example , if all the cells in Figure
2.1 except the bottom cells (8, 15, 23, 30, 38 , 145, 5 3 ,  60) are
active ,

[successor](12 ,l) = 13
[successor](l2,2) = 19
[successor] (l2,3) = 20
[successor](7,3) = — l

[successor](14 6,l) = 147
[successor](11 6,2) = — 1
[successor](14 6,3) = 514

[successor](30 ,2) = — l

2—1

~

-—-  — ~~ -~~-—-—~~ —~~~~~~~~~~~~~~~~~~~~~~ -— -—
~~~~
—-•- ——---

~~~-



C

1 16 3 1 46

9 24 39 54

2 1 7 ) —~-- 32 47

10 —

< 
25 40 55

3 18 ).— 33 
- 

48

11 < 2 6  41 56

4 19 
) 

34 49

12 -
( 

27 42 57

5 2 O ) ~ 35 50 _ _ _

13 -__.( 28 43 58

6 21 36 51

14 ( 2 9  44 59

7 22 37 52

15 ( 30 45 60

8 23 38 53

F i g u r e  2.1. E X A M P L E  OF AREA OF WAR
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A cell’s “environment” is the comp lex of phys ical condit ions
in the cell that affect combat or vulnerability to air strikes .
Examples: clear , hilly , muddy, urban . The environment Is
assumed to be uniform throughout the cell. The environment of
cell I is coded in [environment](i) as a positive integer.

The partitioning of the area of war Into hexagons induces
a network, formed by putting a node in each cell and creating an
arc between each pair of nodes in adjacent cells . Figure 2.3
illustrates it. Coded characterizations of trafficability are
associated with each arc (and therefore with each pair of adjacent
cells ) .  If ce ll i and cell j are adjacent , [rtetype](i,j), a
positive integer, is the type of route between them . One could
be more prec ise and say that [rtetype]( i,j) character izes the
route between the node in cell i and the node in cell j, but such
precision is spurious. There is ordinarily no single, geograph—
ically identifiable route between two cells~ The datum

• [rtetype](I ,j) is a general characterization of trafficability
between the cells , not a characterization of a particular route

• of march. Indeed , for a task force in approach march , several
parallel gravel roads would probab ly allow faster movement than
a single paved road . By definition , [rtetype](i ,j) ignores barriers
between cell i and cell j. Another integer, [bartypeJ(i ,j),
character izes  any barriers to movement . Barriers include rivers ,
ridges, and , in general , any natural  or man—made obstacle that
affects movement or attack. If [bartype](i ,j) ~ 0, it implies
there are no barriers between cell I and cell j. If positive , it

• defines the type of barrier . Instead of listing multiple barriers
between the cells , [ba r type] ( i , j )  gives one number that  describes
the barrier complex as a whole. IDAHEX assumes that

[rtetype](i ,j) = [rtetype](j,i)
and [bartype](i ,j) = [bartype](j,i)

for each pair of adjacent cells , i and j .  The format of the
p input data leaves the game designer no choice.

The game design data fix the values of the variables
[ba8ic _env] , [basic _rtetyp e], and [basic _bartyp e], which are
mapped into the actual environment type , actual route type , and
actual barrier type by the game design variables envraap, rteniap ,

p and barmap . For every 1 ~ I < ncells ,

[env ironment ]( i ) = envmap( [basic_env] (i)) .

For every pair of adjacent cells , I and j ,

p [rtetype](i ,j) = rternap ([basiu rtetype] (i ,j ) ) ,

and

2 — 3
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barmap([baei c_bartype J (i ,j ))
[ba r type ] (I , j )  = If [ba8ic _bartype] (i ,j) > 0 ,

0 otherwise.

The game designer may want to use very detailed bas ic environment
types , basic route types , and basic barrier types , not knowing
how much detail will be needed. He may later find that this
detail cannot be supported by the data on movement and attrition ,
which depend upon the environment , route , and barrier types. The
maps envmap, rtemap , and barraap can be set to compress a large
number of basic environment types , basic route types , and basic

• barrier types into a manageable number of actual types for the
movement and attrition data. The maps can also be used to alter
the actual environment types , route types , and barrier types
during the course of the game-—to reflect changes in weather , for
example . Initially ,

envmap(i) = I, rtemap( i) = I , barmap(i) = I

for every I. At the start of every cycle , including the first ,
the game desIgn data can modify the maps , which then remain fixe d
unless and until the design data modify them again. 1 (To modify
the maps is to change one or more elements of the vectors envrnap ,
rtemap , and barrnap.) IDAHEX advises the players of any modifi-
cations .

Although formally part of the area of war , a cell , i, can
be effectively excluded by making its basic environment ,
[basic env](i) , a nonpositive integer. The cell is then
“inactive ” . No unit is able to enter. Only one word of
computer storage is used to record Information about the cell.
An attempt by the design data to set [basic rtetype] (i ,j) or
[basic bartype](i ,j) for any j is ignored .

2.2 TH E FORCES

There are two forces , fled and Blue . Each force consists of
indivisible “battle units ” , often called simply “units ” . The
game designer assigns each unit a unique number , by which IDAHEX
Identifies it. A unit’s number must be a positive integer. The
number assigned to any Red unit must be less than any number
assigned to a Blue unit , but units need not be numbered consec—
utively . Each unit has a “name”—— a character string——and a type.

1A “cyc le ” is a subdivision of game time . It Is defined in
Section 2.3.
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The complete set of unit types for a particular game might be:

1. Red motorized rifle division
2. Blue tank division
3. Red tank battalion
14. Red tank division
5. Red transport unit
6. Blue transport unit
7. Blue infantry division

Each unit type is identified by a positive integer. A unit ’s
• type is stored in the vector butype; in terms of the example
• above , if unit 145 is a Red tank division , t hen b utype(145) =

Units of the same type must belong to the same side.

- • 2 . 2 . 1 Battle Unit Status

A battle unit’s “status ” Is described by its location ,
posture , and objective . Each battle unit is located in exactly
one cell. The unit’s location can not be fixed more precisely :
the unit is never said to be , for example , 3 km east of the cell’s
center. Its location is the cell. Several units may have the
same location , even if they belong to different sides.

At any moment of the game, each battle unit is in one of 6
“posture classes ”:

-1. destroyed
0. inactive
1. hold
2. disengagement
3. movement
LI. attack

A unit in posture class 2 is trying to break contact with
any enemy units it may be fighting, as the first step in changing
location. Its “objective ” is the cell toward which it Is dis-
engaging. A unit in posture class 3 is moving from its location
to another cell , its objective . Ordinarily , a un it in posture
class 14 is trying to enter a new location , which may or may not
contain enemy units , but in some cases it is trying to revert
from posture class 2, 3, or 14 to posture class 1 without changing
location , In the former instance , its objective is the cell it
seeks to enter; in the latter; its objective is Just its present
location.

Posture class 1 embraces all remaining activities as well
as simple idleness. In particular , a un it in pos ture class 1 is
not in the process of changing location . It may or ma~ not be
engaged. Its objective Is , by convention , its location.
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• A unit in posture class —l or 0 is said to be “inactive” .
P ( Inversely , a unit in a positive posture class Is said to be

“active ”.) An inactive unit does not exist from the perspectives
of other units. It can not move ; it can not attack, nor can it
be a t t acked .  A unit  in posture class — l is a special kind of
Inact ive  un it :  it was de— act iva ted  to represent its destruction,
usually as a result of suffering intolerably high losses. A

P unit in posture class 0 is ordinarily a reinforcement or a
package of rep lacements. It may become ac tive (enter a posit ive
posture class) later In the war . Its location is the cell where
it is expecte d to enter the area of war if it becomes act ive, but
while it remains inactive , it has no effect on enemy units pass ing
through i ts  location .

When a unit , say un it j, enters a new posture class , its
“ vir tual  time of entry ” , t e n t r y ( j ),  is updated.  Normally,
tentry(j) is set to the exact time at which unit j enters the
new pos ture class , but in special situations it may be set to a
later time . At the start of the game, tentry = tentry . The game
design datum tentry(j) is most simply defined as the time at which
unit J entered the cell where it is located at the start of the
game . For example , if the game starts at time 0, if time is
measured in days , and if unit  145 assumed i ts  s ta r t ing  location
30 day s prior to the s tar t ing  time , then tentry (j) should be
— 3 0 .0

Each positive posture class consists of at least one posture
and no more than 10 postures. Posture class —l consists of just
one posture , numbered —10. The postures in posture class 0 are
numbered 0 through 9, but IDAHEX does not distinguish among the
postures in posture class 0. The postures in posture classes
1 through LI are numbered as follows :

10—19 hold
20—29 disengagement
30—39 movement
140...L,9 at tack

4

Notice that [floor](p/l0) is the posture class to which posture
p belongs .’ There might , for example , be two different movement
postures , representing surface movement and airborne movement .
There might be several different attack postures , representing
different degrees of willingness to trade casualties for space .

• + Table 2.1 present s alternative ways of describing a unit’ s pos-
ture class. The game design datum npo8t( i) fixes the number of
pos tures in pos ture class 1 ( 1 ~ I ~ 14). There must be one pos-
ture numbered 10, one numbered 20, one numbere d 30, an d one
numbered 14Q• These are the standard hold , disengagement , movement ,
and attack postures; if IDAHEX knows a unit’ s posture class but

‘See the Glossary for the definition of the function [floor].
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T a b l e  2.1 . EQ UIVALENT DESCRIPT IONS OF POSTURE CLASS

posture class 1; in a hold posture ; holding

posture class 2; in a disengagement posture ; disengaging

• posture class 3; in a movement posture ; moving

posture class LI; in an attack posture; attacking

has Insufficient information to determine the posture , it assume s
the standard posture in the posture class.

The postures within a posture class need not be numbered
consecutivel y , but doing so may reduce storage requirements.
Some postures within posture class 3 may represent land or sea
movement whereas others may represent air movement . Numbering
the surface movement postures before the air movement postures
(if any) may reduce storage requirements.

2 . 2 . 2  B a t t l e  U n i t  Resources

The types of resources each side has are arranged in a list.
For example , the list of Red resource types might be:

1. tanks
2.  small arms and AP Cs
3. artillery
LI SAMs and
5. t rucks
6. ammunition
7. fuel and other consumables
8. tank crewmen
9. other personnel

The Blue list might be :

1. small arms and APCs
2. artillery
3. tanks
4 . truc ks
5. suppl ies
6. personnel

There is no correspondenc e between Red resource types and Blue
resource types: in the example , Red type 3 resources are
artillery while Blue type 3 resources are tanks , and Red has

- • 2—8
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SAM 5 and AAA while Blue has none. The resource types must be
listed in the fol lowing order:

ground-to-ground weapons
ground-to—air weapons

• transport
supplies
personnel

These five resource categor ies are combined to form larger
categories:

ground—to—ground weapons }
materiel 

)
~ round_to_air weapons weapons equipment

supplies
personnel support

The preceding categories induce subl is ts  in each side ’s list of
resource types. In the example above , the list of Red ground—
to—ground weapons is:

1. tanks
2.  small arms and APCs
3. artillery

The list of Red weapons Is:

1. tanks
2. small arms and AP Cs
3. art i l lery
14. SAMs and AAA

Thus , a Red type 2 ground—to—ground weapon is also a Red type 2
weapon , and is also a Red type 2 resource. The list of Blue
weapons is:

1. sma ll arms and APCs
2. artillery
3. tanks

The list of Red personnel is:

1. tank crewmen
2. other personnel

The list of Red support resources is :

2 1. ammunItion
2. fuel  and othe r consumables
3 .  tank crewmen
LI . other personne l

2—9
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Thus, Red type 2 personnel are also Red type 14 support resources
and Red type 9 resources. Notice that the category of Blue
ground—to—air weapons is empty. (Hence, the list of Blue
weapons Is identical to the list of Blue ground—to—ground
weapons.) Any category except ground—to—ground weapons may be
empty. It is permissible for a side to have only one type of
ground-to-ground weapon, which would probably be not a physical
entity but an abstract measure of strength.

A unit ’ s type determines what types of resources it can
possess. The game design data fix nrst(i), the number of differ-
ent types of resources a unit of type I can have, and iare(*,I),
a list of the types of resources it can have. Continuing the
example above , suppose:

nrat (5) = 6

iars(l ,5) = 7
iar s (2 ,5) 6
iax~e(3,5) = 8
iara (LI ,5) = 9
iars (5,5) = 5
iars(6 ,5) = 2

This says that a unit of type 5 can have 6 types of resources :
Red type 7 resources (fuel and ot her consumab les) , Red type 6
resources ( ammunition), Red type 8 resources , Red type 9
resources , Red type 5 resources (trucks), and Red type 2
resources (small arms and APCs). The order in which the
resource types appear in iar8(*,5) affects only the order in
which IDAHEX lists the resources of type 5 units internally.
By keeping the elements of nrst small in value , the game
designer can achieve substantial economies In computer storage
utilization .

The value of iars(* ,5) in the preceding example is reasonable
if a type 5 unit is a Red transport unit (as In the example at
the start of Section 2.2). Notice that iars (* ,5) lists some
resources for which a transport unit would have no use , suc h
as tank crewmen. IDAHEX allows transfers of resources between
units, and therefore resources might be attached to a unit
simply to move them from one place to another. If iara (*,5)
excluded tank crewmen , a type 5 unit could not accept them and
therefore could never be used to take tank crewmen to a unit
that needed them.

If i is the identification number of some battle unit , the
design datum [resources] (i ,j) is defined as the quantity of type
j resources in the unit at the start of’ the game . Of course ,
this quantity must be 0 if the unit is prohibited from having
type j resources——i.e., if there is no 1 ~ k ~ nrst(butype(i))
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such that i a rs(k ,b u t y pe (i ) )  = J . At any time during the game
[resources]( i,j) is the quantity of type j resources in unit i;
it is set equal to [resources](i ,j) at the start of the game.

The design datum toe(k ,j) is defined as the planned
effective quantity of type j resources in a type k battle unit.
It might be based on the Table of Organization and Equipment
for a type k unit. IDAHEX compares a unit ’s actual quantities
of resources (given by [resources]) with its planned effective
quantities in allocating supplies and replacements to it ,
estimating its strength , and estimating the sIze of its area
of influence. Of course , toe (k ,j) should be 0 if a type k unit
is prohibited from having type j resources.

2 . 3  TIME

At the start of a game, the current time , t , equals tinit 3
which should be a nonnegative number. The game ends when
t = tend or when a player stops it.

Time is divided into equal—length intervals called “cycles ” ,
which are subdivided into equal—length “periods ” , which are
subdivided into equal—length “frames ” . Cycles , periods , and
frames may all be the same length , but generally frames are
shorter than periods.  A “break” occurs at the start of each
cycle , the start of each period , and the end of each frame .
Each break causes execution of a procedure selected according
to the cause of’ the break: at the start of each cycle , IDAHEX
accepts players ’ air strike specifications; at the start of
each period , it accepts players ’ commands; at the end of each
frame , it assesses engagements and supplies consumption .

An “event” is a break or a change in a unit’s status . At
t = tinit (the start of the game), IDAI-IEX a~ certa1ns when the
first event will occur . It advances t to that time (possibly
the same as the current time ) and lets the event occur . It
then ascertains when the next event will occur , advances t to
that time , and lets the event occur . It continue s to advance t
in jumps until t ~ tend or a player stops the game after a break.
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3. MANEUVER

A “ task force ” is a col lec t ion  of one or more ba t t l e  uni ts—— “task force elements”—— that have the same status and will
continue to have the same status as long as they remain in the
task force. The elements of a task force must all belong to the
same side. Each task force Is identified by a positive integer;
it is impossib le to tell from this number alone the side to
which the task force belongs.

3.1 EVENT SE Q UENCING

A tas k force ’s change of status is always caused and
directed by an “order ” . Sometimes orders are generated by
IDAHEX ; usually they are input by the players. An order has
two components: the desired objective and the desired posture .
Associated with an order may be a “start time”, the earliest time
at which the task force should begin executing the order . Exe-
cut ion of an order is a pro~.ess that may span time and may involve
a sequence of status changes. The time required to go from one
status to the next may be 0, but the tas k force st ill enters eac h
status in the sequence. Given a task force ’s current sta tus and
its “ac tive order ”-—the order it Is e x e c u t i n g — — t h e  logic of
Figure 3.1 determines Its next status . (Also see Figure 3.2).

In s ome cases the task force ’s next status depends upon
pmapup or p rnapdn ; specifically , its next posture is pmap up(pp )

• or pmapdn(pp), where pp Is its present posture . IDAHEX initializes
these variables as follows :

20; 10 < pp < 19
/ ., — 30; 20 < pp < 29pm apup .~pp i — 140; 30 < pp < 39

• 10; 140 ~ pp ~ 149

—10; 10 ~ pp ~ 19pmap dn(pp) = 

~40; 20 ~ 
pp ~ 149

The game designer can modify these values , but the modified
values must be such that:

I
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up — dp

.~~~dpc > 0 ‘~~~~~~~~~~~~ —~~i ni do, 
— — I

I n p  = 1 0 1

.ç pp c > 0 >  ~nl = p1
~ - ? .~~~~ — — m o  — p 1 1

No
Yes  ‘ 

-
~

: n p = pp :
I —

~~: nl — p1
m o  = d o l

ppc 4 np — p m a p d n ( p p )
do = ~~0 

No 
and No ni = p1

po = pi. no — p 1

Yes
Yes

up = p m a p u p ( p p )  Yes
no — po pp C = 4 nl p0

No ni — p1

pp = present posture dp desired posture up = next posture
ppc = present posture class dpc = desired posture class ni = next location
p1 = present location do = desired objective no = next objective
p0 = present objective

Figure 3.1. STATUS SEQUENCING
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— : iii = p1
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~~~~

d N4
JP 1 J

p m a p u p (P P
~1~~ 

Yes  nl

[~~
o P 0

NO
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pp = presen t posture dp = desired posture up = next posture

ppc = present posture class dpc = desired posture class ni next location

p1 present location do = desired objective flO = next objective

po = present objectiv e

$ Figure 3 . 2 .  STATUS SE Q UENCING FOR TASK FORCE W HOSE PR ESENT
POSTU RE CLASS ‘ 0 AND DESIRED POSTURE CLASS > 0
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20 ~ pmapup(pp) ~ 29 if 10 ~ pp ~ 19
30 ~ pmapup(pp ) ~ 39 if 20 

~ 
pp ~ 29140 ~ pmapup(pp) ~ 49 If 30 ~ pp ~ 39

10 ~ p rnapup(pp ) ~ 19 if 140 ~ pp ~ 149

• —10 = pmapdn(pp) if 10 < pp ~ . 19
140 ~ pmap dn (pp ) ~ 149 if 20 pp 149

The positive posture classes form a cyclic set , and pmapup(pp )
is the posture a task force enters when it transitions to the
next higher posture class: from posture class 1 it goes to 2,
from 2 to 3, from 3 to 14 , and from 14 to 1. The variable pmapdn
is not used to take a task force from its present posture to the
next lower posture class——that is generally illegal. Rather, it
tells what posture a disengaging, moving, or atta cking task force

• enters when it aborts the disengagement, movement , or attac k
and attempts to revert to a hold posture at its present location .
Table 3.1 contains examples of status sequencing based on the
area of war depicted in Figure 3.3. To get more specific examples ,
let

npost( l) 14 , npo st(2) = 1, npo st(3) = 2 , npo e t(LI ) = 3,

and set pmapup and pmapdn as follows :

pp p ni apup(pp ) pmapdn(pp )

10 20 —10
11 20 —10
12 20 —1 0

• 13 20 —10
20 30 42
30 140 142
31 41 142
40 10 ~42141 11 ~42
~42 13 42

The preceding assignments are motivated by the following inter-
pretations of the postures:

10 standard defense
11 halted
12 prepared for transferring resources

to other units (itrfp = 12)
13 hasty, disorganized defense
20 disengaging
30 tactical march
31 administrative march
140 standard a t t ack
~4l attack from administrative march42 hasty, disorganized attack
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Presumably , the ground combat attrition data make a unit less
effective on defense in posture 13 than posture 11, and less
effective in posture 11 than posture 10. Likewise , an attacker
should be less effective in posture 41 than posture ~40. Based
on the above values of pmapup and pmapdn and the area of war in
Figure 3 .3 ,  Table 3.2 shows the sequence of statuses induced by
various orders . The last example in the tab le depicts a task
force aborting an attack and reverting to a hold posture at its

• present location .

The preceding config’.uration can be simplified (at the riskof oversimplifying): let np o 8t ( 1)  = 2, npoet ( 2 ) = np o 8t (3 )  =

np ost(4) = 1, and accept the default values of pmapup and pmap dn.
• Let i t rf p  = 11. Then a task force in a hold posture in cell 6

whose desired posture is 1]. and desired objective is 9 would go
through the following sequence of statuses :

location posture objec t ive

6 20 9
6 30 9
6 40 9
9 10 9
9 11 9

When the task force achieves posture 11, It will be ready and able
to t ransfer  resources to friendly units located in cell 9. If the
movement of supplies and replacements is to be played explicitly ,
one hold posture should be set aside as a transfer posture,
identified by the number itrfp . A task force whose

location = 6,
posture = 40,
objective = 9,

and whose -
•

desired posture = 10 ,
desired objective = 6 ,

would go through the following sequence:

location posture objective

6 140 6
6 10 6

Thus , the task force aborts an attac k and goes directly into the
standard hold posture at its location; in contrast to the last
example in Table 3.2, there is no “disorganized defense ” posture

1
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in which to put it. Because this difficulty can arise whenever
• the game designer selects a skeleton configuration of postures ,

I DAHEX provides another way of reducing a task force ’s defensive
• capability in this situation : the task force can be credited

with negative defense preparation time .’

• In every example of task force movement thus far, the
objective has been a cell adjacent to the task force ’s locat ion,
but Figures 3.1 and 3.2 do not require that . A task force may
receive an order stating a desired objective not adjacent to its
location . The task force will be able to execute the order only
if: (1) it is airmobile and (2) the order causes it to enter
an air movement posture.2 A unit of type i is airznobile if and
only if mrair(i ) > 0. A movement posture pp is an air movement
posture if and only if airmove(pp—2 9) = .true . Air movement is
discussed in the next subsection .

3.2 EVENT SCHEDULIN G
Associated with any change of status is a delay time . The

task force undergoing the change stays in its old status a length
of time equal to the delay , and then enters its new status . The
delay is computed by the IDAHEX function wait, which i8 designed
for easy modification or rep iacement.

Throughout this subsection , U
l~~~

•~~ )
U
n 

are the unit numbers
of the task force elements. The side to which they belong is

— s;  s = 1 If they are Red , s = 2 if they are Blue. The task
force ’s location is cell p1. Its posture is pp. Its posture
class is ppc. (ppc = [floor](pp/l0).) Its objective is cell po.
Its next locat ion is ni, its next posture is np, its next posture
class is npc (npc = [floor](rip/lO)), and its next objective is no.
The preceding subsection reveals how the task ~‘orc e ’s present
sta tus ( locat ion p1, posture pp, objective no) and its active
order determine Its next status (location nl , pos ture np , objective
no). This subsection shows how the delay for the transition
from the present status to the next status is determined. Let
d denote that delay .

1Preparation time ’s ef fect on attrition is discusse d in Sect ion
5.1.1. The way an aborted movement or attack can lead to
negative preparation time is discussed in Section 3.3.6.
2The constraint is enforced by the event scheduling logic ,
described in the next subsection .
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3 . 2 . 1  T rans i t i on  w i th in  P o s i t i v e  Posture C lass
n p c  = ppc , ppc > 0, no = PD

-

‘ Let

j  = p p — l O*ppc + 1
and k = np — l0*ppc + 1.

Thus , posture pp is the j—th  posture of posture class ppc , and
posture k is the k—tb posture. The delay is given by

d = p t r an (ppc , j , k ) .

Regardless of the game design data, d = 0 if j  = k .

3 . 2 . 2  From Hold Post ure to Disen gagement  Posture
ppc = 1, npc = 2

In this case , d = 0.

3 . 2 . 3  From March Posture to A t t ack  Posture
ppc  = 3, n p c  = 4 , no = p0, a i rmove ( pp - 29 )  = f a l se .

The delay, d, in going from a movement posture to an attack
posture with the same objective is the “movemen t delay ” . It
corresponds to the time the task force would need to move physi-
cally from its present location to its ob jec t ive  if unimpeded by
the enemy . A “march posture ” is any movement posture other than
an “air movement posture ” . (A task force In a march posture m1o~ht
be at sea.) If posture i Is a movement posture (30 ~ I ~ 3 9 ) ,  It
is an air movement posture if and only if airmove(i—29) = .true .
(airmove is a logical variable). Storage is utIlized more
efficiently if the movement postures are ordered (numbered) so

• that all the march postures occur before air movement postures——
i. e . ,  if airmove (k) = .true. for some 1 ~ k ~ np ost(3), then
airmo v e (m) = .true . for every k < m ~ npo8t(3). The movement
delay for a task force in a march posture may be termed the
march de lay .

If cell po Is nonexistent (po < 1 or P0 > nasils) or
Inac t ive , then d = +°o . ’ If cell po is not adjacent to cell p1,
then d = +~~: a t ask  force In a march posture cannot J ump over
cells. Otherwise , proceed .

~Usually, an infinite delay results from a mistake by the player.
If IDAHEX sus pects that is t he case , It warns the player of’ the
side to which the task force belongs , explaining why the delay
is infinite.
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Ini t ia l ly, supp ose that the task force cons ists of a single
unit, u1.

The first step in finding d is ascertaining whether the task
force has the supplies it needs in order to move ; if nsa(s) = 0 ,

• this step is skipped . For every 1 ~ k ~ nsa(s), let ssstock(k )
p be the quantity of type k supplies in the unit :

ss stoc k (k ) = [resourc es ] (u1,nequip(s)+k).

L,e t

r n r s ( s )
ssuse( k ) = ~~~~~~~ sareqm (k,irs ,s) * [resour ce s ] ( u 1,Irs)

i rs=l

for every 1 ~ k ~ nsa(s). If ssuse(k) > s s s t o c k( k )  for some
1 < k < n a B ( s ) ,  set d = +~ —— the unit cannot move . Otherwise ,
proceed to the next step to find d. The preceding test is
crude sin-ce ssuse(k)—--the amount of type k supplies required
for movement——is independent of [rtetype](pl ,po) an d
[bartype](pl ,po). Perhaps the best strategy is to make
sareqm underestimate the supplies needed for a move . One
risks letting the task force change location when it has
insufficient supplies to complete the movement , but if tframe
is suitably small , the risk is minor: each frame , supplies
consumption is assessed , and if a task force in a movement
posture exhausts any type of supplies , its movement delay is
re—evaluated . If the delay is found to be +~~, the movement is
aborted and the task force tries to revert to a hold posturep in its present location.

Given that the unit has the supplies it needs in order
to move , the next step is to determine how fast it can move.
The unit ’s basic movement rate from cell p1 to cell po is

BMR = mr( butyp e (u 1), pp—29, [rtetypej (pl ,po)).

Thus , its movement rate depends upon its type , its particular
movement posture , and the type of route between the cells. ’ The
basic movement rate must be adjusted to reflect a deficit or

p

‘To see why IDAHEX allows the triple dependence , consider an
armored division making an administrative movement along
roads through dense woods. If it were making a tactical move-
ment instead , part of it would have to move off—road. If it.

p were a straight—leg Infantry division instead , it would have
less trouble moving off—road .

3—il
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surplus of transportation . Let TR be the total transport
capacity available to the unit divided by its total demand
for transport . (The latter two quantities are defined below.)
The unit ’s adjusted movement rate is

AMR = fmr (butyp e (u1
),TR) * BMR .

The degradation (or possibly improvement ) factor fmr ( unit type ,TR)
is computed as follows. If fmr .fO (unit_ typ e) < 0 , then

(TE / (2  — TR); TR < 1
fmr (unit_ ty pe, TR) =

T R > l .

The preceding formula assumes that th. transport capacity can—
not be stretched (by overloading vehicies and operating them
at reduced speeds , for example); the transporting resources carry
as muc h as they can , offload it, and return to t he point of
origin for another load , making as many tr ips as necessary .
If, on the ot her hand , fmr.fO(unit type) ~ 0, then

fmr (unit type , TR) =

paf (TR, fmr.fO(unit_type), fmr.f (unit type , *), fmr.s).

That is, fmr(unit type ,*) is a piecewise—affine (loosely speak-
ing, piecewise—linear) function whose value at 0 is
fmr .fO (unit type), whose value at fmr .x(k) is fmr .f (unit type ,k)
for any k, and whose value at TR is found by interpolation .

Thus far, the unit ’s movement rate , AMR , has been determined .
By assumption , the distance it has to travel equals depth , which
equals the distance between the centers of any two adjacent cells.
There is yet another factor that may affect- the movement delay: a

• barrier between cell p1 and cell po. The delay imposed by a
barrier depends upon the unit ’s type , the unit ’s posture , and
the type of barrier . Let bt = Lba rtype ] (pl ,po). A barrier
between cells p1 and po exists if and only if bt > 0. The
unit ’s march delay is

depth/AMa + bdelay( butype(u 1
), pp—29 , bt) if bt > 0 ,

depth/AN R ~f bt = 0.

In summar y, the march delay for a one—unit task force is
found as follows:

( 1)  See if the  uni t  has enough s u p pl ie s  t.o he ab le  to mov e .

( 2 )  Refe rence  mr to find the basic rate at which the unit -.
moves from its location to its objective , ~n adjacentcell.

3—12
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(3) Adjust the basic movement rate according to the ratio
of available transport capacity to the unit’s aggregate
demand for transport .

(1,1 ) Divide the estimated distance to be traveled , depth ,
by the adjusted movement rate ; call the result dl.

(5) If there is a barrier between the unit ’s locat ion and
its objective , reference bdelay to find d2, the t ime
needed to cross the barrier; d2 = 0 if no barrier exists.

( 6 )  The movement de lay is dl + d2 .

Now drop the assumption that the task force contains only
one unit. Reca ll that the task force cons ists of the units
{u 1~ 1 ~ i ~ n };  n = 1 Is allowed. The element s’ location is cell
p1, their posture is pp, and their objective is cell po. Also,
recall that ce ll po must be adjac ent to ce ll p1 else the march
delay , d , is automatical ly += .

Every task force has the attribute “transport mode ”, a non-
negative integer. It is 0 for a single—element task force. Let the
variable named “mo de ” equal the transport mode of the task force
in question. The task force is “stacked” if and only if mode > 0 .

3.2 .3.1 March Delay for ti nstacked Task Force

In th is  subsect ion , the task force is assumed to be uns tacked——
i.e., mode = 0. As before , the movement delay is the sum of two
terms , one proport ional  to the dis tance  and inversely proport ional
to the movement rate, and the other dependent on the type of barrier
encountered . By definition , the task force moves as an integral
whole. Therefore , all along the route , it moves only as fast as
its slowest element . The elements ’ supplies and transport are
pooled.

The first step is to determine whether the task force has
the supplies It needs in order to move . This step is skipped
if’ nsa(s) = 0. (Recall that the task force belongs to side s.)
Let s s s t o c k(k )  be the amount of type k supplies in the task
force for every 1 < k < nsa(s). Let

r’ s ( s )
ssuse( k ) = 

~Z. ~~~ ~. 

sareqm (k ,irs ,s) * [resources](u 1,Ir s)

for every 1 < k < nsa(s). If ssuse(k) > s s t o c k ( k )  for some
1 < k < nsa(s) , set d = +=——the task force cannot move . Other-
wise , proceed.

3— 1 . 
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The next step is to determine how fast the task force can
move . To do that , it is necessary to determine how much trans-
port capacity is made available to each element . This is done
even if ntrp t (s )  = 0 since resources other than transport may
have transport capacity . The aggregate demand for transport is

n ( s)
ttdemand = ~~ t rn req( i r s,s) * [res ources j(u i,irs).

i=1 irs l

The aggregate transport capacity is

n n r s ( s )
t tcapaci ty  = ~~~~~~~ trnoap(irs ,s) * [resources](u i,irs).

1=1 irs l

Let

( t t capacity / t tdemand ; ttdemand > 0
TR = ‘~ +oo ; ttdemand = 0, ttcapacity > 0

! 1; ttdemand = t t cap ac i ty  = 0

For the  purpose of de termining  adjusted movement rates , each
unit receives an allocation of transport capacity equal to its
demand for t ransport  mu l t ip l ied  by TR. Therefore , transport
capacity and transport demand must be expressed in the same
unit of measure , such as tons. The amount of transport a side
s type i resource requires , trnreq(i ,s) ,  should be 0 if it can
move itself. For example , if a type i resource is a tank , it
can not only transport itself , so trnreq (1,s) = 0; it can
transport other resources (a few people , for example), so
trncap(i ,s) > 0. Of course , personnel can move themselves , but
if side s is preponderantly mechanized , its units ’ basic move—
ment rates probably assume the personnel are mounted , and there-
fore their transport requirements should be positive .

Because each task force element enjoys a ratio of transport
capacity to transport demand equal to TR, the adjusted rate of
movement of element i (1 ~ i ~ n ) ,  denot ed AMR ( i ) ,  is given by

AMR (i) = fmr (butype(u
~
), TB) *

mr ( butyp e(u 1) , pp— 29, 
[ r t e t y p e ] ( p l ,p o ) ) .

The task force ’s ad jus ted  movement rate Is

TFAMR = mm {AMR(i) ; 1 < I <

If TFAMR = 0 , let dl  = +~~. Otherwise let dl = depth / TFAMR .
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Let bt = [bartype](pl ,po). If bt = 0, let d2 = 0;
otherw ise , let

d2 = max (bde Z.ay ( butype(u1), pp—29, bt); 1 ~ I ~ n} .

Thend dl + d2 .

3 .2 . 3 . 2  March Delay for Stacked Task Force

By assumption, mode > 0. Define the set of “carr iers ”
in the task force as

C = {u~~: trptcl (butype(u
1

)) = mode , 1 < i ~ n } ,

i .e., the set of every tas k force element whose “transport
class ” agrees with the task force ’s transport mode. Define F,
the set of “passengers” , as the remaining element s of the task
force. In eff ect , the passengers are loaded onto the carr iers.
The task for ce moves as fast as the carr iers can , and the
carriers are able to draw only on their own transport .

The f i rs t  step is to determine whether the task force has - 
-

the supplies it needs in order to move ; th is  step is skipped if - -

n s a ( s )  = 0. For every 1 ~ k < n sa ( s ) ,  let s s s t o c k ( k )  be the
amount of type k supplies held by the task force , not j u s t  the
carriers. For every 1 < k < naB (s), let

nrs ( s )
ssuse(k) = ~~~~~~ ssreqm(k ,irs ,s) * [resources ] (u i, ir s ) ,

u1cC irs l

the amount of type  k supplies that  the carriers ’ resources need
in order to move . If ssuse(k) > ssstock(k) for some
1 < k < n s a ( s ) ,  then set d = +~~~. Otherwise , proceed.

The next step is to verify that the carriers have enough
carrying capacity to accommodate the passengers. Only those
carr ier resources whose “load class” agrees with the task force ’s
transport mode are eligible to help carry passengers. Let

R = {i: loadcl(i ,s) = mode , 1 ~ i ~ n r s ( s ) } .

Define the total  carrying capaci ty  as

cc = ldcap(j, s) * [resources](u i,i).
u 1cC icR

3- 15
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Define the size of the load as

nrs (s)
LOAD = ldsize (j,s) * [ resources](u 1,J ) .

u1EP =

If LOAD > CC , set d = +~~ — —  the task force cannot move . Other—
wise , proceed.

The next step is to determine whether , af ter  allocating
resources to carry the passengers , the carriers have enough
residual transport capacity to meet their own demand . The
fraction of the carriers ’ type I resources allocated to carry-
ing passengers is assumed to be the same for each I c B; that
fraction is LOAD/CC. The carriers ’ total capacity available
for transport ing their own res ources is

t t capac i ty  = ~~~~~ t r n c ap ( j , s) *[ re sources ] (u 1, j)
u1cC j c s

+ ~ ~~ ( L O A D/ C C ) *t r n c a p ( j , s )*[ r e sources] (u 1, j) ,
u .€C icR
1

where S = ~i: I ~ R, 1 ~ I ~ n r s ( s ) } .

Their resources ’ demand for t ransport  is

nr ( s )
t t demand = trnreq (j, s) * [resourcesJ(u 1,j).

u1cC 1

Let

(ttcapaclty/ttdemand ; ttdemand > 0
TB = 

~~
+oo ; ttdemand = 0, ttcapacity > 0
~l; ttdemand = ttcapacity = 0

The a l locat ion of transport capacity to each carrier is
assumed to- equal it.i demand time s TB. Therefore , the adjusted
movement rate of the carrier u~ (u~ c C) Is given by

A M R ( I )  = fmr (butyp e (u.), TR ) *

mr( butyp e (u1) ,  pp—2 9, [rtetypel (pl ,po)).

The task force ’s movement rate is

TFAMR = mm {AMR(i); u1 c C)- .
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Let

iepth / TFAMR if TFAMR > 0,
dl =

+
~~~ otherwise .

Let bt = [bartype](pl ,po). If bt = 0, let d2 = 0;
otherwise , let

d2 = max {bdelay ( butype (u1
), pp—29, bt); u1 c C}.

Then d = dl + d2 . The tas k forc e moves as fas t as the
slowest carrier , in accordance with the concept that the passenger
units as a group are borne by the carrier units as a group.

3 . 2 . 4  From A i r  Movement Posture  to A t tack  Posture
ppc = 3 , npc = 4 , no = p0 , airmo ve(pp -29) = .t r ue .

The air movement delay, d, is determIned In bas ical ly the
same way as the march delay (Section 3.2.3). Since the task
force is moving above the surface , its movement rate is unaffected
by route types and barrier types. In fact , it may go from one
cell directly to a nonadjacent cell——i.e., cell po need not be
adjacent to cell p1. Nevertheless , cell po must be in the area
of war (1 ~ P0 ~ ncelis) and must be active ; otherwise , d isset immediately to +°‘.

3 . 2 . 4 . 1  Ai r  Movement Delay for Unstacked Task Force

First, determine whether the task force has enough supplies
to be able to move . (Skip this step if nsa(s) = 0.) For every
1 ~ k ~ nsa (s ) ,  let ssstock(k) be the amount of type Ic supplies
in the task force , and let

n nr s ( s )
ssuse ( k ) = ~~~~~~ asreqm (k ,irs ,s) * [ resources ] (u 1, ir s ) .

i=l irs=l

If ssuse(k) > ssstock(k) for some 1 ~ k ~ nsa ( s ) ,  then set
d = +~~~. Otherwise , proceed. ’

‘Suppose both aircraft and fuel are played explicitly as side s
resources. If side s type k supplies include aviation fuel and
side s type irs resources are aircraft , ssreqm(k ,irs ,s) might be
the quantity of fuel typically carried by a unit—quantity of
type irs resources .  Makin g  it unrealistically small is risky :
the air movement delay might be too short to span a frame
boundary ; then the movement would escape supplies consumption
assessment , which would prevent IDAHEX from observing the task
force exhaust essential supplies before the movement were complete.
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Next, let

n nrs(s )
ttdemand = 

~~~~~~ 

trnreq (irs ,s) * [ resources ] (u1, Irs),
1=1 irs=l

n n r s ( s )
ttcapacity = ~~~~~~ trncap(irs ,s) * [resources](u 1,irs).

i 1  irs=l

Let

ttcapacity/ttdemand ; ttdemand > 0
TR = +~~; ttdemand = 0, ttcapacity > 0

1; ttdemand = ttcapacity = 0
The task force ’s adjusted rate of movement (through the air) is

AMR = mm {fm r ( b u t y p e (u 1) , TR) * mra ir(but~jp e (u1) ) ;  1 � I < n}.

If AMR = 0, then d = +~~~. Thus , if a task force element cannot
move itself by air , i.e., if

mrair(butyp e(u1
)) = 0

or fmr (butype (u1),TR) = 0

for some 1 ~ i ~ n, then the task force is unable to move. If
AMB > 0, then the movement delay , d , is given by

d = dist(pl ,po) / AMR ;

dist (pl,po) is the straight—line distance from the center of
cell p1 to the center of cell po.

3 . 2 . 4 . 2  Ai r  Movement Delay for Stacked  Task  Force

Define C, the set of carriers , and F, the set of passengers , -

as in Section 3.2.3.2.

First, determine whether the task force has enough supplies
to be -able to move . (Skip this step If nss(s) = 0.) For every
1 ~ Ic ~ nsa (s), let ssstock(k) be the amount of type k suppliesheld by the task force , not just the carriers , and let

nrs C s)
ss use(k) = ~~~~~~ asreqm(k ,irs ,s) * [resources](u1,irs).

u1cC irs=l

If ssuse(k) > ssstock(k) for some 1 < k ~ nsa(s), then setd = +~~~. Otherwise , proceed .
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Next, determine whet her t he carr iers have enough carrying
capac ity to accommodate the passengers. Compute CC and LOAD as
In Section 3.2.3.2. If LOAD > CC , set d = +~~~. Ot herwise ,
proceed .

Find the ratio of the carriers ’ res idual transport capac ity
to their own resources ’ total demand for transport : compute
t t capaclty  and ttdemand as in Section 3 . 2 .3 . 2 , and define TB as
there . The task force ’s adjusted rate of movement (through the
air) Is

AMR = mm ( f m r ( b utyp e (u~ ) , TR) * rnrair (butyp e (u1) ) ;  u~ c C ).

Then

dist(pl ,po) / AMR if AMR > 0,
d =

if AMR = 0.

3 .2.5 From Disengagement Posture to Movement Posture

ppc = 2 , npc = 3 , no p0

The delay, d , in going from a disengagement posture to a
movement posture with the same objective Is the “disengagement
delay” . It Is most simply interpreted as the time required to
break contact with the enemy , but in reality a force being
pursued by the enemy might never break contact completely. A
better interpretation of the disengagement delay is the amount -

by which contact with the enemy increases the time needed for
the task force to relocate from cell p1 to cell p0.

If the task force is not engaged , set d = 0. Otherwise ,
proceed .

If cell p0 is not part of the area of war or is Inactive ,
or if cell po is not adjacent to cell p1 , then set d = +~~ .

Otherwise , proceed .

If airmove(np—29) = .true ., set d = +c~ : an engaged task
force cannot disengage and transition directly to an air
movement posture . Otherwise , proceed .

Define two situations: (1) there are friendly units in
hold postures in cell p1; (2) there are no friendly units in
hold postures in cell p1 . (No such unit could belong to the
task force since its posture would differ from the task force ’s
posture.)
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3.2.5.1 Disen gagement Delay Whe n Enemy Can No t Pursue

In Situat ion (1) the friendly units are assume d to prevent
the enemy from pursuing the task force during its movement to
cell po. Therefore , the disengagement delay is independent of
the movement :

a = max {diaeng(butyp e (u1), l); 1 ~ I ~ n} .

The max imizat ion is appropriate because the task force can not
have disengaged until every element has.

3 . 2 . 5 . 2  Disengagement  Delay When Enemy Can Pursue

In Si tuat ion (2) the enemy units with which the task force
is engaged may be able to pursue it during its movement to
the adjacent cell po . The disengagement delay therefore is the
sum of two terms——one equal to the basic delay, dl , given by

dl = max {diseng (butype (u1) , l); 1 ~ I ~ n } ,

and the other term , d2 , related to the anticipated movement
delay .

Finding d2 parallels Section 3.2.3. Initially, assume that
the task force is not stacked .

Defining the symbols as in Section 3.2.3.1, find ssstoc k(k)
and ssuse(k) for every 1 ~ k ~ nsa (s ) .  If ssuse ( k) > sss tock(k )
for some 1 < k < nsa(s), set d2 = +~~~. Otherwise , proceed .

Find TB as in Section 3.2.3.1. Posture np is a movement
posture ; for the purpose of determining d2 , it is assumed to be
the posture In which the task force will move to cell pa. Define
the adjusted movement rate of task force element i as

AMR(i) = f’mr (butype(u 1), TR) *

mr( butype(ui) ,  np—29, [rtetype](pl ,po)).

(Cell po is adjacent to cell p1, or this point could not be
reached .) If AMR( I) = 0 for any I, set d2 = +~~~. Otherwise ,
proceed . Let

wi = max {diseng ( butype (u~ ), 2) * (depth/AMR (i)); 1 ~ i ~ n} .

Let bt [bartype](pl ,po). If bt = 0, let w2 = 0; otherwise ,
let
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w2 = max {diseng (butype (u 1) , 2 ) * bd e lay ( b u t y p e (u 1),np —2 9, b t ) ;
1 ~ I < n} .

Let d2 = wi + w2.

The disengagement delay is computed as d = dl + d2. The
computation of wl and w2 is consistent with the assumption that
the task force moves as an integral whole throughout its journey;
if w2 were smaller , one or more units must lag behind the rest
at a barrier; if wi were smaller, one or more units must lag
behind along the route. The factor diseng(i ,2) allows for
differences in the abilities of different types of units to
disengage .

Now assume that the task force is stacked. Define C , the
set of carriers , as in Section 3.2.3.2. The basic delay is the
same as before :

dl = max Cdiseng (butype(u~ ) , l); 1 ~ i ~ n}.

Added to it is a delay , d2, related to the anticipated time needed
for movement to cell po; d2 depends only on the carriers ’ agility,
not the passengers ’.

Determine LOAD and CC as in Section 3.2.3.2. If LOAD > CC
set d2 = +~~. Otherwise , proceed.

Find TR as in Section 3.2.3.2. Define the adjusted move-
ment rate of task force element i as

AMR ( i ) = fmr (but
~
’pe (u i ) ,  TB) *

mr( hutype(u 1), np—29, [rtetype](pl ,po ) ) .

If AMR (i) = 0 for any i such that u~ c C, set d2 = +~~. Other-
wise , proceed. Let

wi = max ~diaeng(butype(u 1 ), 2) * (depth/AMR(i)); u~ c C).

Let bt = [bartype](pl ,po). If bt = 0, let w2 = 0. Otherwise
let

w2 = max {diaeng(butype (u 1), 2) *

b d e Z a y ( b u f ! 1 p ~~
( u i ) ,  np—2 9, bt) ; u1 e C)- .

Let d2 w1 + w2.

The disengagement delay is computed as d = dl + d2.
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3 .2 .6 From A t tack  Po sture to Ho ld  Posture at New Locat ion
ppc = 4 , npc = 1, no ~ p1

The “attack delay” is 0 if cell po contains no enemy units
in hold postures. Otherwise , the delay is Indefinite: it
depends upon the course of combat .

3.2 .7  To Hold Posture at Present  L ocat ion
npc = 1 $ ppc , no = p1

If pp < 0, set d = +~~. (A destroyed unit cannot come back
to life.) Otherwise , proceed.

At this point , exactly three cases are possible : (1)
0 

~~ 
pp < 9; (2) pp ~ 20, pa !f p1, and no = p1; (3 )  140 < pp < 149

and p0 = p1. (See Section 3.1, especially Figure 3.1.) Case (1)
occur s when units in posture class 0 are ac tivate d. Case (2 )
occurs when the task force is in a disengagement , movement, or
attack posture and seeks to revert to a hold posture in cell p1;
its next posture is an attack posture and its next objective is
cell p1. And then Case (3 )  applIes. In every case , d = 0.

3.2.8 Trans i t i on  to or w i th in  Non pos i t i ve  Posture C lass
np < 10

The delay is 0. Since there Is normally no reason for a
unit to enter posture class 0 from another posture class , a
warning is issued to the game designer if that happens. The
warning message is placed in the game designer ’s output  file,
file 51.

3.3 TACTICAL SITUATIONS

Because the forces can maneuver and the processes of maneu-
ver span time , situations requiring special logic may arise. In

- : many cases they require tactical decisions , in contrast to the
player ’s operat ional  decisions , and therefore  should be handled
by IDAHEX. In almost every case they must be handled by IDAHEX
or absurd results might ensue . Handling these tactical situa-
tions wIth  precis ion is not c r i t i c a l — — i n d e e d  that would be
inconsistent with the model’ s level of resolution .

Section 3.1 shows how events are determined , an d Sect ion
3.2 shows how they are scheduled. The events are arranged
implicitly In a queue in order of scheduled occurrence; the
event scheduled to occur next is at the front of the queue . A
change of status by a task force In the attack posture class
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comes after a change of status by a task force in another posture
class if both events are scheduled for the same time . When an
event comes to the front of the queue , t is advance d to the time a
at which it is scheduled to occur , and the event is passed to
the subprogram xeq for execution . Instead of executing the event ,
xeq may alter the queue-—adding events to it , or changing the
times at which events are scheduled to occur and changing the
order of events in the queue .

Some terms are needed . To “occupy ” a cell is to change
location of the cell. A side ’s “security force ” in a cell
consists of every friendly unit that is located in the cell and
is in a hold posture . A unit or task force whose posture is
disengagement , movemen t, or attack , and whose objective is cell
j, is equivalently said to be in a disengagement , movemen t, or
attack posture oriented toward cell j, or to be disengaging,
moving, or attacking toward cell j.

The variable eps = tframe / 100.

3 . 3 . 1  Pursu i t

Suppose a Blue task force in cell i enters a movement
posture oriented toward cell j, an adj acent cel l .  Suppose that
later a Red task force occupies cell I and subsequently enters
a movement posture oriented towar d ce ll j. If the Red tas k
force is more mobile , its movement delay may be less than the
Blue task force ’s delay——so much less that its movement delay
ends before the Blue task force ’s. But because xeq implements
the following rule, the Red task force cannot occupy cell j
before the Blue task force.

Let task force m and task force n belong to opposite sides.
Suppose the location , posture clas s , and ob jec t ive  of task force
m coincide with the location, posture class , and objective of
task force n. Also suppose that the next location , next posture
c lass , and next objective of task force m coincide with the next
locat ion, next postur e c lass , and next objective of task force n
and the task forces ’ next posture class differs from their
present posture class. Let u1

,. .. ,u . be the identification
numb ers of the units in task force m , and let v1,.. . ,v~ be the

identification numbers of the units In task force n. If

mm (tentry(u .); 1 ~ I < j} > mm (tentry(v 1); 1 < 1 <

then task force m may enter its next status no sooner than eps/14
after task force n.

i

~
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3 . 3 . 2  A t tack

An important variable in many tactical situations Is
[owner]; [owner]( i) = 1 if cell I Is owned by Red and 2 If the
cell is owned by Blue. The game design data set [owner], and
then IDAHEX se ts [owner] = [owner ] . Thus , the design data
declare the ownership of each active cell at the start of the
game. This subsection shows , among other things , how [owner]
gets changed.

Suppose task force m, belonging to side sa (sa = 1 or
sa = 2), is in an attack posture. Let sd = 3 — sa; side Sd is
its enemy . Suppose the task force ’s locat ion is cel l p1, its
objective is cell p0, its next posture is np, and its next
objective is no; no = p1 is permitted . Assume posture np is a
hold posture. Assume the task force ’s attack delay (possibly
0) is comp]ete , the task force has reached the front of the
queue, and the subprogram xeq has been called to execute the
task force ’s transition to its next status , a hold posture in
cell pa. The rest of this subsection charts the actions taken
by xeq in this case . The verb “return ” means “return from xeq
to the calling program ” .

Step 1. If task force m is already engaged , go to Step 6.
Search for side sd task forces whose location Is cell pa , whose
posture class is 2, 3, or 14, and whose objective is cell p1. If
none exist , go to Step 2. Do the following for each such task
force: make its desired objective pa; make its desired posture

pmapup(post) if it is attacking ,
pmapup(pmapup(p ost)) If it is moving,
pmapup(p rnapup(pmapup(pos t))) if it Is disengaging,

where post Is Its posture; schedule its next change of status for
t ime t , and place it ahead of task force m in the queue. Return .
This procedure leads eventually to an engagement In which task
force m is attacking side sd units holding in cell pa; it obviates
an entirely separate combat procedure for meeting engagements.

Step 2. If an engagement already exists at cell pa , go to
Step Lj~ If [owner](po) = sa, go to Step 3. Search for enemy
task forces In movement or attack postures oriented toward cell
po whose next change of status is scheduled to occur no later
than t + eps. If none exist , go to Step 3. Reschedule the next
change of status of each of these task forces to time t and place
It ahead of task force m in the queue . Return . This step
resolves virtual ties in times at which hostile units arrive at
a cell in favor of th€ cell’s current owner .
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Step 3. Search for active side sd units located in cell
pa. If none exist , let task force m change status (let It
occupy cell pa), let [owner](po) = sa, and return . If cell pa
contains a side sd unit in a hold posture other than posture
itrfp , go to Step 14. Let S be the set of every side sd unit
whose locat ion is pa and whose pos ture is itrfp . Two case s are
possible. Case 1: S Is nonempty. In this case, constitute
every member of S that does not belong to a task force as a task
force, give it the order “desired objective = pa , desired pos-
ture = 10” , and position it in the queue according to the time
of Its next change of status . Let T be the set of every task
force whose elements are members of S. For each task farce in

• T, if there is a start time associated with the task farce ’s
act ive order , and it exceeds t , reset it to t and theref ore
reschedu le the task force ’s next change of status . Now for each
task force in T, if the task force ’s active order specifies a
hold posture in cell pa and the next change of status is sched-
uled to occur no later than t + eps , res chedule it to occur at
t and move the task farce ahead of task force m in the queue .
Return . Case 2: S is empty. In this case, let T be the set
of every side Sd task force located in cell pa whose objective
is owned by side sa and whose objective contains one or more
active side sa units. For each task farce in T, determine
whether the task force could execute the first change of status
implIed by the order “desired objective = pa , desired posture =

10” no later than t + eps; if so, make that its active order,
schedule its next change of status for time t , and place it
ahead of task farce m in the queue . If one or more task forces
have received new orders in this way , return .

Step LI. If cell pa contains no side sd security force , go
to Step 5. If [owner] (pl) = sd , change the active order of task
force m to “desired objective = p1, desired posture = —10” ,
schedule its next change of status for time t (keep task farce
m at the front of the queue), and return . (The units in task
force m are destroyed because they are attacking at the same
time the enemy owns their base. It is inappropriate to let their
location be cell p1, and they have not been able to occupy cell
pa; therefore they must be removed from the area of war. Step
3 alters orders and re—sequences the queue to avert such catas-
trophes whenever possible.) If there is no engagement in prog-
ress at cell pa , set one up between task force m and the side
sd units in hold and disengagement postures in cell pa. Other-
wise , join task force m to the existing engagement. Reschedule
the next change of status of task force m to occur at time t +~~~.

Re turn .
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Step 5. ReachIng this point implies there is no sIde sd
secur ity farc e in cell pa , but one or more act ive units from
s ide sd are locat ed there . Let S be the set of every side sd
unit whose location Is cell po and whose posture is a movement
posture. For eac h unit u c S, if tentry(u) > t — delta , change
the unit’s posture to pmapup(pmapup(pmapup(p ast))), where post
is its present posture. (Side sd units that started moving
from ce ll pa w ithin the interval delta of the arr iva l of task
force m must revert to disengagement postures.) Take each side
sd unit located In cell pa and disengaging, and join it in an
engagement with task farce m. Take each side sd unit located
in cell pa that is attacking in same engagement , const itute it
as a task force If nat already an element of one, give the task
force the act ive order “desired objective = pa , desired posture
= —10”, and place the task force at the front of the queue. Let
task force m enter its next status. (Let it occupy cell pa.)
Return .

Step 6. This point is reached if and only If task force m
is already engaged. For that to happen , xeq must have been
called once before to ex ecute the task farce ’s transition from
an attack posture oriented toward cell pa to a hold posture In
cell pa , and Step Li must have joined the task force in an engage-
ment . When that happened , xeq did not let the task force enter
its next status; in fact , it rescheduled the change of status
to occur after the end of the game . Subsequently , the change
of status was rescheduled as Section 3.3.3 explains , and tas k
force m again reached the front of the queue , inducing the
current invocation of xeq . Proceed as follows . Take each side
sd unit located in cell pa that is In an a t tack pasture  and
engaged , constitute it as a task farce if It does not already
belong to one , give the task force to which it belongs the active
order “desired objective = pa, desired pasture = —10” , and place
the task force at the front of the queue. Let task farce m
enter its next status. (Let it occupy cell pa.) Return .

3 . 3 . 3  Disappearance  of a Secur i t y  Force

Suppose cell p1 Is owned by side s (s = 1 or s = 2) and
contains one or more units from side s in hold postures , and
suppose one or more units from side 3—s are attacking toward
cell p1. Suppose a task force consisting of the ent ire side s
security force in cell p1 now enters posture class —1, 0, or 2.
Then the delay of every side s task farce located in cell p1
and disengaging is re—evaluat ed , possibly causing rescheduling
of the task farce ’s next change of status. This is necessary
because a delay computed when a friendly security farce existed
might no longer be appropriate; in particular , a disengagement
delay might have to be extended now that the enemy can pursue.
Nex t , the active order of every side 3—s task farce attacking
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toward cell p1 is Inspected . If the order implies that  the
task farce ’s next change of status is somet hing ot her than just
a transition to another attack posture oriented toward cell p1,
the change of status is rescheduled to t and moved to the front
of the queue (giving the task force the opportunity to occupy
cell p1). Otherwise, the order is discarded , so that the next
order , If any, in the task force ’s miss ion becomes the act ive
order, and the test is repeated.’ The process cont inues unt il
either the test is passed or no orders remain in the task force ’s
mission .

3 . 3 . 4  Coun te ra t tack

IDAHEX struc tures every engagement in such a way that units
from one side are a t tacking and units from the other side are
defending . A defender is in a hold posture or a disengagement
posture. It is possible that all defenders in the engagement
are holding , or all disengaging, or some holding and some dis-
engaging. The defenders are all located in the same cell , the
cell under attack, while the attackers may be located in dir—
ferent cells. An attacker is in an attack posture unless its
location is the same as the defenders ’. In a counterattack ,
a task force cons is t ing  of one or mare defenders disengages ,
moves , and attacks toward the location of one or mare of the
at tackers . Suppose the  defenders ’ location Is cell i. Suppose
task force m consists of one or more of the defenders in hold
postures , and xeq has been called to execute  i ts  t rans i t ion  to
a disengagement posture oriented toward cell j, the location of
one or more of the attackers. Let A be the set of the attackers
located in cell j. If task force m is nat stronger than A ,
the task force ’s active order is changed to “desired objective
= I , desired posture = 10” , its next change of status is sched-
uled for time t, and it is placed at the front of the queue.
If task force m is stronger than A , A ’ s attack is aborted:
each unit in A that does not belong to a task force is consti—
tuted as one; each task force contained in A is given the active
order “desired objective = j, desired posture = 10” , its next
change of status is schdeuled for time t, and it Is placed
ahead of task farce m in the queue; xeq returns without execut-
ing the transition of task force m to its next status . The
criterion for deciding whether task force m Is stronger than A
is as follows . Let u1,.. . ,u~ be the task force ’s elements ,

identified by unit numbers . Let s = 1 if the task force Is Red
and s= 2 if it is Blue . The attack strength of task force m
is given by

‘Missions are explained In Section 14~ Basically, a mIss ion Is
a sequence of orders for a task force.
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n nrs(s)
fO = ~~~~~ rsvala( irs ,s) * [r esources](u k , ir s) .

k l  Irs= 1

The number rsvala(irs ,s) Is the standard value of a side s
type irs resource on attack; i ts  computation is explained In
Section 5.3. Basically, rsvala(irs,s) measures the contrib—
ution of a single type irs resource belonging to a standard
side s force attacking a standard enemy force in a standard
engagement . The defense strength of task force m Is given by

n n r s ( s)
gO = ~~~~~ rsvald(irs,s) * [re saurces] (uk,irs).

k l  Irs=l

The number rsva ld ( irs ,s) is the standard value of a side s
type irs resource on defense. Let v1,.. . ,vr be the units in

the set A , identified by their numbers. Let s’ = 3 — s. The
attack strength of A is given by

fl = ~~~~~ rsvala(Irs ,s )  * [resources] (v k,Irs).
k 1

The defense strength of A is given by

r
gi = ~~~~~ rsvald(irs,s )  * [ré source s] (v k,irs) .

k l

Task force m is considered stronger than A if and only if

gi g0~~

3 .3 .5  A c t i v a t i o n  of I nac t i ve  Task  Force

Suppose xeq has been called to execute the transition of a
task force whose elements are in a nonpositive posture class to
a positive pasture class. If the task force ’s next locat ion
(the cell where it will became active ) Is owned by the enemy , - -

or if one or more active enemy unit s are located there , xeq
does not execute the change of status and , instead , reschedu les
it for t = +~~~ and warns the player of the side to which the
task force belongs.
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3.3.6  V i r t u a l  Time of Post u re C l a s s  En try

When a task force transit ions from its present status to
its next status , tentry may be reset for each of its elements .
Let ppc be the task force ’s present posture class, po its
present object ive , and p1 Is present location . Let npc be
its next posture class and no is next objective . Let uni ts
{u i ; 1 ~ i < n} be its elements.

If npc = ppc , tentry is not changed. Henceforth , assume
npc + ppc.

If npc = 2 or npc = 3, IDAHEX sets

tentry(u
1

) = t

for every 1 < i ~ n. That is , the virtual time at which the units
enter the next posture class equals the actual time .

If npc = 1, or if npc = 14 and no ~ p1 , IDAHEX sets

- ten tr y ( u 1 ) = max {t , tentry(u1)}

for every 1 ~ i < n.

In the remaining case , npc = LI and no p1; the task force
is aborting a disengagement, movement , or attack and trying to
revert to a hold posture in cell p1. If there is no enemy task
force whose objective is p1, whose locat ion is not pa , and whose
posture clas s is 2, 3, or 14, then

tentry(u1) ÷ max {t, tentry (u1)}

for every 1 ~ I ~ n. Otherwise , tentry is determined as follows .
If ppc = 2 , then

tentr y (u 1) ÷ max {t, tentry(u~ )}

for every 1 ~ I < n. If ppc = 3, then

ten try (u 1) ÷ max {t + (t—tentry(u .)), t}

for every 1 ~ i ~ n; that is , the virtual time of entry Is set
ahead of the current time by the length of time the unit has been
moving. Finally, if ppc Li , tentry(u1) is, for every I < I < n,
set equal to t plus the movement delay that would be computed for

$ the (entire) task force were it moving from cell pa to cell p1 in
posture 30.
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Thus , if a task farce aborts a movement or attack and an
enemy unit directly threatens to seize Its location from the
flank or rear , tentry for its elements is set ahead in time to
indicate just how far out of position it is. Because of the
way tentry is set for t r ans i t ions  into posture class 1, this
penalty is retained when the task force subsequently reverts
to holding its present location . The combat procedure uses
t — tentry(j) as a measure of the length of time unit j has had
to prepare a defense; if unit j has aborted a movement or attack
and reverted to holding its location , its preparation time may
be negat ive .

The combat procedure may also reset tentry .’ If, during
one frame of a given engagement , the FEBA (measured by the
var iab le feba) advances , then for each defending unit , say un it
I, tentry(i) is reset to tO + tframe , where tO is the value of
tentry(i) at the start of the frame . Thus, the defenders ’ level
of preparation cannot increase while the attackers are making
progress.

3 . 3 . 7  Engagement Terminat ion

Suppose engaged task force m goes from a disengagement pos--
ture to a movement posture , or enters a nonpositive posture class
(its units are destroyed or de—activated), or breaks off an
attack and tries to revert to a hold posture in its own location .
Then xeq deletes the task force ’s elements from their engagement .
If no units from their side remain in the engagement , then the
engagement te rminates .  In this event , xeq may re—schedule the
times at which enemy units that were engaged enter new statuses.
Suppose task force n, an enemy of task force m , was participating
in the terminated engagement . The time at which it is scheduled
to enter its next status is reset to mm {tO , tl } , where tO is
the time at which it is presently scheduled to enter its next
status , and ti is the time at which the task force (which is now
not engaged) would enter its next status if ~t were just beginning
its transition to its next status . The result is that disengaging
task farces can immediately enter movement postures.

‘Understanding this paragraph precisely requires some knowledge
of Section 5 (“Combat”).
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P 4. THE PRIMAR Y COMMANDS

At the start of each period , the Red player and the Blue
player input c ommands to IDAHEX . A command Is an instruc tion
to batt le units or a reques t for Information. IDAHEX prevents
a player from issuing instructions to enemy units or obtaining
the enemy player ’s instructions to his units. The commands are
fully described in the Player ’s Manual. This section dIscusses
only the three most important commands , which are all instructions
to battle units.

4 .1 MISSION COMMAND

Recall from Section 3.1 that a task force ’s change of
status is always caused and directed by an order. A mission
is a sequence of orders. Every task force has a mission , and
every mission is assigned to exactly one task force (but two
task forces may have identical missions). The same positive
integer that identifies the task force identifies its mission.
A mission ’s orders are stored in a pop—up stack , and are
executed in sequence , from the top to the bottom . The order
at the top of the stack is termed the “active order”. If there
is a start time associated wi th  it , execut ion  does not begin
unt i l  the current time equals or exceeds the start time . When
execut ion  of the order is completed , It is removed from the
stack , and the next order, if any, pops to the top .

A mission is created or modif ied  by the miss ion  c ommand .
If the player is modifying an existing mission , he identifies
it by number and then lists the new orders in the sequence
in which they are to be executed. The new orders completely
replace the old orders. If the player is creating a new
mission , he lists the orders , the elements of the task force
(identified by their unit numbers), and finally, if there Is
more than one element , he selects the task force ’s transport
mode. Creation of the mission also creates the task farce.
When the mission ends , because it is accomplished or canceled ,
the task force ceases to exist as an organizational entity ,
and the number assigned to it and its mission becomes available
for identIfying a new task force and mission .
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The following two examples are based on the area of war in
Figure 3.3 and the posture configuration assumed by Table 3.2,F namely:

npost(l) = 24 , npost(2) = 1, npost( 3) = 2 , npost (11 ) = 3

pp pmapup( pp) pmapdn(pp)

10 20 —10
11 20 —10
12 20 —10
13 20 —10
20 30 42
30 140 ~42
31 141 142
140 10 142
~4i 11 142
242 13 ~42

Example 1. Assume units Li and 9 are both in the same hold
posture in cell 17. In the following communications with IDAHEX ,
the Red player constitutes units 24 and 9 as a task force and
assigns it a mission. Every line that IDAHEX writes on a player ’s
terminal  is preceded by a ques t ion  mark to d i s tin g u is h  i t .
(IDAHEX does not actually write the question mark.) The player ’s
replies are enclosed in quotation marks.

? Ente r  command .
“mission ”

? Enter  orders.
“16, 31, 0”
“16 , 11, 0”
“12, 10, 2.65”
V t V t

? Lis t  t a sk  fo r ce .
Vt 24 , 9 tI

? Enter  t r anspor t  mode .,, 0”

Each of the three lines after the prompting phrase “Enter
orders. ” states an order: the first number is the desired
objective , the second the desired posture , and the third is the
order ’s start time . The mission implies the following sequence
of statuses for the task force consisting of units LI and 9 :

24— 2 
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location posture objective

17 20 16
17 30 16
17 31 16
17 ~4l 16
16 11 16
16 20 12
16 30 12
16 140 12
12 10 12

Example 2. Assume the posture class of unIt 21 is 0. In
the following communications with IDAHEX , the Blue player
creates a mission for the task force consisting of unit 21:

? Enter command .
“mission ”

? Enter orders.
“6 , 12, 0”
~~ 12, Ott
V t Vt

? List task force.
21”

The mission Implies the following sequence of statuses for unit
21:

location posture objective

6 10 6
6 12 6
6 20 9
6 30 9
6 24 0 9
9 10 9
9 12 9

The example illustrates one way of accomplishing re—supply and
replacement : if new resources should enter the area of war
in cell I at time tr, the game design data should incorporate
them into a battle unit whose initial location is i and

• initial posture class is 0, and then when t .~~~ tr the player
whose side should receive the resources can issue a mission
command to activate the unit. An inactive unit first assumes
posture 10 when it is activated . (See Figure 3.1.)
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Example 3. Assume the posture class of unit 21 is 0. In
the follow ing communicat ions with IDAHEX , the Blue p layer act i-
vates unit 21 in cell 8 instead of its present location, cell 6:

? Enter command .
“miss ion”

? Enter orders.
t V 8 ~, ,
~~~~~ 10, ~~~
Vt Vt

? List task force.
- t~21t V

The mission implies the following sequence of statuses for unit
21:

location posture objective

8 0 8
8 10 8

Thus , a player can activate one of his units in a cell
different from its initial location ; to do so , he must first
change Its location while it remains in posture class 0. This
capability is necessary since the location where a package of
supplies and replacements should became available might depend
on the course of the game : - In the first place , IDAHEX prohibits
act ivat ion of a u;iit in a cell owned by the enemy or containing
enemy units; and it may be convenient to design the game so
that supplies and replacements originate In corps , army , or front
depots , which relocate to keep up with the combat forces , rather
than fixed , theater depots. A player could use the capability to
change inactive units ’ locat ions in order to cheat , act ivating
units wherever (and whenever)  he pleased.  Therefore , IDAHEX
places an advisory message in the game designer ’s output  f i l e ,
file 51, whenever an inactive unit changes location.

In every example the mission ’s last order declares a hold
posture as the desired posture . That is not essential because
the player can alway s extend (modify ) a mission some time after
creating it. But he should avoid letting a task force complete
its mission in a pasture class other than —1 , 0, or 1: to save
time IDAHEX occasionally assumes that every disengaging , moving,
~r a t tacking unIt  belongs to a task force . 
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4 .2  REDISTRIBUTING RESOURCES

One set of active units , called the “givers”, can transfer
resources to another set of active units , called the “takers”,
subject to these restrictions : the givers and the takers must
all belong to the same side , the givers and the takers must all
have the same location , and the givers must be in the transfer
posture , posture itrfp. A taker may be in any of the postures
10 through 149, including pasture itrfp , and a unit may be both
a giver and a taker. If unit j is a taker, it can acce pt any
quantity of type irs resources , even if toe (butyp e (j),irs ) = 0,
provided irs = iar8 (i, butype (j ))  for same 1 ~ i ~ nre t(butype( j)) .

4.2.1 The Transfer Command

The transfer command causes an immediate , instantaneous
transfer of resources from the givers to the takers. The command

• includes a list of the givers , a list of the takers , and the
amount of each type of resource to be transferred from the set of
givers to the set of takers . As an essential part of the command ,
the player declares the transfer location——the givers ’ and takers ’
location. If the player declines to furnish a list of givers , the
list consists by default of every friendly unit whose location is
the transfer location and whose pasture is the transfer posture .
If he fails to furnish a list of takers , the list consists by
default of every active , friendly unit whose location is the
transfc~.’ location and whose posture is not itrfp . If, despite
the defaults , there are no givers or no takers , no trans fer is
ma de , and the player is warned. The player may also decline to
declare the transfer amounts of one or more types of resources .

Let G be the set of givers , identified by their unit numbers ,
and T th e set of takers , identified by their unit numbers . Let
s = 1 if the units are Red and s = 2 if they are Blue. If G =
then regardless of what trans fe r amounts the player  speci f ies , all

• resources are pooled , and apportioned among the units . Assume
G = T .  L e t l < i r s~~~ nrs(s). Define

= {k ~ T: ars (j, butyp e (k)) = irs for

some 1 ~ 
j ~ nrst(b utype (k)))- .

T is the set of takers that can have type irs resources. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ -— - — - ~~~— - — - ~~
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Let

T~~ = {k c T :  toe (butype (k), Irs ) > 0)-.

If T~~ is nonempty, the resources of type irs are redistributed
so that after redistribution

[resources](k ,irs) / toe~butyp e (k ),irs)

is the same for every k c T~~ and [resourcesl(k ,irs) = 0 for
every k c T — T . 1 Alternatively , if T~~ is empty, the resources
are redistributed so that [resources](k ,i rs)  is the same for every
k e T’ (and 0 for every k c T - T).

Henceforth, assume G ~ T. If , for any I, the player does not
declare the amount of type I resources to be transferred , it is
determined as

mm {demand , supply )- ,

where

demand = max {toe(butyp e (k),i) — [res ources]( k,i), 0)-
kET

and

supply = max { [resources](k ,i) — toe(butype (k),i), O}.
kcG

That is , each taker demand s the amount by which its stock falls
short of its planned effective stock , and each giver demands the
amount by which i ts  stock exceeds i ts planned e f f e c t i v e  s tack .
If the player does declare the amount of type 1 resources to be
tran sferred , It is reset if necessary so that it does not exceed

~~ [resaurces](k ,i),
kc 0

the amount available. Let amt(irs) be the amount of type irs
resources to be t rans fe r red .

The first Step in accomplishing the transfer Is al locat ing
the resources among the takers. Let 1 ~~. irs �. n r s ( s ) .  Define
T~ and T~~ as before. For any k E T , let q (k) be the quantity
of type irs resources to be transferred to unit k, which must
now be determined . If T is emp t y ,  q ( k )  is set to 0 for  every

— T~~ Is the set of every k such tha t  k c T but k ~ T .
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k, and amt(irs) is reset to 0. Hence, assume T is nonempty .
Case 1: T~~ is nonempty . Then the quantity amt(irs) is dis-
tributed among the battle units of T so as to equalize as much
as possible their ratios of actual stock to planned effective
stock. To be precise , q (k) is set to 0 for every k c T —

and q (k ) is chosen for every k c T~ to

minimize ~~ (1 — 
[resourcesJ (k~1rs)+ c~(k))2

subject to ~~ q (k) = axnt (irs)
• kET~~

q (k) ~ 0 far every k.

Alternatively , assume Case 2: T~~ is empty . Then the quantity
amt(irs) is distributed among the battle units of T so as to
equalize their stocks as much as possible . To be precise , q(k)
is set to 0 for every k e T — T , and. q(k) is chosen for every
k E T to

minimize ~~ ([res ources](k~irs) + q(k))
2

keT~

subject to ~~ q(k) = amt(irs)
kET

q(k) > 0 for every k.

In both cas es, after q is determIned the transfer occurs :
[resaurces]( k,irs) is increased by the quantity q(k) for each
k E T.

To complete the transfer, the givers must be assessed for
the resources that have already been distributed to the takers .
Let 1 < irs < nrs(s ) .  For any k E 0 , let q(k) be the quantity
of type irs resources to be taken from unit k, which must now be
determined. Define

= {k c G: toe (butyp e (k), irs ) = 0].

Let

Q = E [resources](k ,Irs).
kcG

Far every k c G , q(k) is set equal to

mm ~amt (Ir s )/Q, 1} * [resources](k ,irs).

If Q ~ amt(irs), q(k) is set to 0 far every k c 0 
— G .

Otherwise ,

24_7 
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q ( k )  is chosen for every k c 0 — G to equalize as much as
possible the units ’ ratios of actual stocks to planned effective
sto cks: q (k) is chosen for ever y k c G — G’~ to

minimize 
kcG G 

([resources](k~1rs)
;
~~ (k) 

— )2

subject to q(k) = amt(irs)
keG—G

q ( k )  ~ 0 for every k.

After q is determined the transfer occurs :

[resource s ]( k,irs) ÷ [resourcesj(k ,irs) — q(k)

for every k c G.

4.2 .2 The Delivery Command

The delivery command allows the player to arrange a
transfer of resources that will occur automatically, at the
earliest possible moment . The command does this by creating
a “delivery order” (not to be confused with the tt orders tt in
a mission). A delivery order has four components: (1) the
delivery task force; (2) the delivery destination; (3 )  the
delivery size; (4) the intended recipients of the delivery .
The delivery task force , identified by number , is the set of
battle units intended to transfer resources to another set of
units. The delivery destination is the cell where the delivery
will occur . The delivery size is a number between 0 and 1,
inclusive, that indicates how much should be transferred . The
intended recipient s must all belong to the player ’s side. The
list of intended recipient s may be empty. Once created , a
delivery order continues to exist until the player cancels it
or it is executed. Two or more delivery orders may name the
same delivery task force , but if the delivery destinations are
the same as well , confusion may result.

Suppose task force m has just entered posture itrfp in
cell dd. IDAHEX must decide whether the transfer of resources
will be governed by a transfer command that the player will
issue later or by a delivery ord-~r. IDA HEX infers that the
p layer intends to issue a transfer command , and therefore makea
no delivery of resources at this time , if either of the follow-
ing conditions holds :

- I - ~~~-~~~~---- -~ -— — —--  -~~~~~~~~~ -~~--~~~~ -~~~~~ ~~~~~~~~--~~~~~~
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(1) wIth this change of status , the task force
has accomplished Its mission;

(2) with this change of status, the task farce
has comple ted execut ion of its act ive order ,
and its new active order has a start time
that exceeds the current time .

If neither condition holds , IDAHEX searches for a delivery
order--one whose deliver~j task force is m and delivery destina-
tion is dd. If none is found, a delivery order is generated ,
with the delivery task force = m, delivery cell = dd, delivery
size = 1.0, and intended recip ients = the empty set; a generated
delivery order is treated as any other delivery order.

Execution of the delivery order is a procedure very similar
to the one initIated by a transfer command . Let 0 be the set of
elements of task force m , identified by their unit numbers. G
is the set of tt givers tt . Let lambda be the delivery size, and
let R be the set of intended recipients , identified by their
unit numbers. If R is nonempty, let T be the set of every k c R
such that unit k is active and located in cell dd; if R is empty ,
let T be the set of every active , friendly unit located in cell
dd whose posture is not itrfp . T is the set of “takers” . If T
is empty, of course , no transfer occurs.

If 0 = T , then the resources are redistributed exactly as
described for that case in Section 14.2.1.

Assume 0 + T. The amount of type I resources to be trans-
ferred is determined as

mm {demand , supply )- ,

where

demand = max {toe(butyp e (k), i) — [resaurces](k ,i), 0)-
kCE T

and

supply = lambda * max {[r e s o u r c e s ](k ,i )
k cu  

— toe(butype(k), I) , 0).

Since the delivery size , lambda , may not exceed 1 , a giver can
only give away resources to the extent they exceed its p lanned
effective stack. The first step in accomplishing the delivery
is allocating the resources among the takers . The procedure Is
exactly the same as described In the previous subsection . The
second step is assessing the givers for the resources that have
been distributed to the takers . The procedure is exactly the
same as described in the previous subsection .

14_ 9



5. COMBAT

As Section 3.3.2 explains , an engagement arises when units
from one side attempt to occupy a cell containing enemy units in
hold or disengagement postures. An engagement is not precipitated
merely by a task force ’s entering an attack posture oriented
toward a cell containing enemy units in hold or disengagement
postures. The engagement arises when the task farce attempts to
change status from the attack posture oriented toward the enemy—
owned cell to a hold posture in the enemy—owne d cell. 1 The cell
Is termed the tt engagement location tt . The force that precipitates
the engagement , by attempting to occupy an enemy—owne d cell , con-
stitutes the engagement “attackers ”. Other friendly units may
join the engagement later, possibly attacking from different
locations; they, too , become “attackers ”. The enemy units whose
location is the attacker ’s objective and whose postures are hold
or disengagement constitute the engagement “defenders ” . Thus , at
the outset of the engagement , one side is the attacker and the
other side is the defender. These roles remain fixed throughout
the engagement : even if the attackers succeed in occupying the
engagement location , so that they are in hold postures and no
longer attack posture s, they are still the tt attackers tV An engage-
ment cr ds when all its attackers have left or all its defenders
have l€~f’t . If an attacker ’s location is not the engagement loca-
tion , Lt leaves its engagement when its objective become s a cell
other than the engagement location . If an attacker ’s location is
the engagement location , it leaves its engagement when it enters
a posture class other than 1 or 2. A defender leaves its engage—
ment when it enters a posture class other than 1 or 2. Therefore ,
an attacker or defender leaves its engagement if it is destroyed
(posture class —1).

Usually, a defender leaves its engagement by entering a
movement posture .2 While it is moving, the enemy cannot engage
it. That is one reason for the disengagement delay , and especially -:
for making one term of the delay proportional to the anticipated
movement delay . (See Section 3.2.5.2.) Loosely speaking, if the

‘Sometimes , as Section 3.3.2 explains , the attempt by a task
force in a attack posture to occupy its objective causes enemy
units located there to divert to hold postures. After they have
done so, it re—attempts occupation , precipitating an engagement .

2 It is impossible for a unit to enter a movement posture oriented
toward Its own location . 



tactical situation implies that the unit is vulnerable to pursuit
by engagement attackers , its disengagement delay (hence, the
Interval during which it is engaged) Is extended to account for
the combat that its rearguard would have In reality with pursuing
enemy units.

Each engagement has a s ty l ized  FEBA that measures the
attackers ’ progress. In any given engagement , the variable feba
expresses the FEBA posit ion as a f rac t ion  of depth. At the start
of the engagement , feba = 0. At that point , all the attackers are
in attack postures oriented toward the engagement location . If the
attackers are sufficiently strong relative to the defenders , the
FEBA advances--feba increases , to a maximum of 1. One might
imagine that when feba is Increasing the at tackers are beat ing back
the defenders;  a mare general , and more contemporary , Interpre tatIon
is that the at tackers are penetrating the defenders ’ formation . The
game design datum febad is the criterion for deciding when the
attackers have penetrated sufficiently to be allowed to occupy the
engagement locat ion. As soon as feba � febad , ownership of the
engagement location passes to the attackers ’ side , the attackers
are allowed to enter the cell, and the defenders are forced to
disengage and move out or be destroyed.

An engagement ’s FEBA is Independent of other engagements ’
FEBAs and the general disposition of forces in the area of war.
It may be interpreted as a measure of the attackers ’ penetration
of the engagement location. But essentially it is just an
abstraction used to determine how long the engagement lasts before
the attackers defeat the defenders .

At the end of each frame , the results of every engagement
during the frame are evaluated. If an engagement starts during
a frame, the attackers cannot possibly occupy the engagement location
until the end of the frame, when the engagement ’s feba is updated.
Therefore, tframe should be short enough to avoid delaying attackers
excessively .

5.1 THE ATTRITION PROCESS

Attrition is essentially a Lanchester square process. The
game design datum katk(i ,j, k) is the quantity of enemy type j
mater ie l  destroyed in one unit  of t ime by a single side k type I
ground-to-ground weapon belonging to an attacker , under the
assumption that the side k weapon al locates  all its fire to enemy
type j materiel. The quantity destroyed in one frame Is

katk(i ,j,k) = tframe * katk(i ,j, k) .

The datum kdef (i ,j , k) is the quantity of enemy type j materiel
destroyed in one unit of time by a single side k type I ground-
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to-ground weapon belonging to a defender , under the assumption
that the side k weapon allocates all its fire to enemy type j
materiel.  The quant i ty  destroyed in one frame is

kdef’(i,j,k )  = tframe * kdef (i,j, k) .

Let cell b c  be the engagement location of a given
engagement . Let units {atk(i); 1 < i ~ natk} be the attackers
and units ~def(i); 1 ~ I < ndef} the defenders. Let sldeA = 1
if the attackers are Red and sideA = 2 if they are Blue; let
sideD = 3 — sideA . For each 1 ~ i ~ nrs (sideA), let

n~.t~crsat k( i ) = fr inv( i,atk(k)) * [resources] (atk(k), i),
=1

the attackers ’ total quantity of type i resources that can become
actively involved in combat or combat support . The function frinv
is expl icated in Section 5.24 . Briefly, fr inv( i,j) is the fraction
of type I resources held by unit j that  are available for combat ,
if the unit ’s type I resources are equipment , or that are avail-
able and needed for combat support if its type i resources are
support resources. For each 1 ~ I ~ nrs(sideD), let

nd.e4’
rsdef(i) = frinv(i ,def(k)) * [resources](def(k), i),

the defenders ’ total quantity of type i resources that can
become actively involved in combat or combat support . The current
time , t, must coincide with the end of a frame . This subsection ’s
goal is to derive the attrition suffered by each attacker and each
defender during the frame just ended.

5.1 . 1  Determin i ng the Kil l  Ma t r i ces

Select an attacker—defender pair: for some 1 < i < natk
and some 1 ~ j < ndef , let

unitA = atk (i), unitD = def(j).

Of course , unitA is a positive integer identifying a battle unit.
The phrase “battle unit unitA” is abbreviated below as simply
“unitA” . The phrase “battle unit unitD” is abbreviated as simply
“unitD” .

If one of unitA’ s type i ground—to—ground weapons
(1 < I < ngg wep(sideA)) allocates all its fire to unltD’s type J
materiel (1 ~ 

j ~ nmat (sideD)), the basic quantity of enemy type
j materiel it destroys in the frame Is katk(i ,j,s~deA) . But a

1:



weapon normally doe s not allocate all Its f ire to a single type of
enemy materiel .  This is not just a matter of doctrine . In reality,
there might be several different t ypes of mater iel at which a
weapon would fire; what It actually fired at would depend upon
what targets it detected , and that  would depend upon the compo-
sition and deployment of the enemy force. Two variables are
used to adjust katk(i ,j,sideA) for the allocation of fire——
stdtgt(* ,sideD) and aggatk(i,*,sideA). The game design datum
stdtgt(j,sideD) is, far 1 ~~. j ~~. nmat(sideD), the quantity of
type j materiel In a standard side sIdeD combat force. The
design datum aggatk(i ,j,sideA) is the fraction of fire of a type
I weapon from side sideA that Is allocated to enemy type j
materiel if the enemy materiel belongs to a standard enemy force.
Let n = nmat(sldeD). The fraction of fire of unitA’s type I
ground—to—ground weapons that is allocated to unitD’s type j
materiel is

alpha(i,j) =

aggatk(i ,j,sideA) * ( f r in v ( j , un i tD )  * [resources] (un itD,j)),
s t d t g t ( j , sideD) * DEN

where

DEN = 

~~~~~~ 

aggatk (i,k ,sideA) * 
(rs de f (k) / stdtg t(k ,sI deD)).

The divisor DEN is just a normalizer , to ensure that the fractions
of fire allocated to the various types of enemy materiel sum to
1.1 Thus , if type j materiel is averrepresented compared with
the standard force , mare fire is allocated to it; if no type j
materiel is present , no fire is albac ited to it.

The basic quantity of unitD’s type j materiel that a single
unitA type I weapon destroys in the frame is

katk(i ,j,sideA) * 
alpha(i ,j).

This quantity must be adjusted for the specific conditions of
the engagement. Each adjustment affects either the lethality
potential of unitA’s type I weapons or the vulnerability of
unitD’s type j materiel to all enemy fire. In the farmer case , —

the adjustment takes the form of a factor applied to the row
katk (i,*,sideA); in the latter, it takes the form of a factor
a~~1ied to the column katk(-*,j,sideA ) .  The adjuste d quantity

‘Because of this normalization , it Is not necessary that

~~ aggatk(i ,j, sideA) = 1.
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of unitD’s type j materiel that a unitA type I weapon destroys
in the frame is

K(i,j,unitA ,unitD) = katk( i,j,sideA) * alpha(i,j)
*PA * PD

* EA * ED
-

* PREP

The sequel defines the factors.

Let postA be unltA’s posture if unitA is in an attack
Z posture; let pastA = 140 if not. Let

PA = [fckar](i ,sIdeA ,pas tA ) ,

which equals fckar(i ,sldeA ,p off (postA)) by definition . The
factor PA adjusts the lethality of unitA ’s type I weapons
according to unitA’s attack posture . Let postD be unitD’s
posture . Let

PD = [fckac] ( j,sideD,postD),

which equals fckac(j,sideD ,poff(postD)) by def ini t ion. The
factor PD adjusts the vulnerability of unitD’s type j materiel
according to un itD ’s defense posture .

Let e be the environment in the engagement location:
e = [enviranment] (loc). Let

EA = fckare(i ,sideA ,e).

The factor EA adjusts the lethality of unitA’ s type i weapons
according to the environment in which the combat occurs . Let

ED = fckace(j,sideD ,e).

The factor ED adjusts the vulnerability of unitD’s type j materiel.
The combat is tacitly assumed to occur in the engagement location;
hence , the environment in unitA’s location is irrelevant . This
does not Imply that the attacker benefits or suffers from terrain
equally as the defender. The variables fckare and fckace provide
factors that are applied only to katk(* ,*,sideA), t he attacker ’s
kill matrix ; other variables , namely fckdre and fckdce , provide
factors that are applied to kdef (* ,*,sideD), the defender ’s kill
mat r ix .

Let bt be the type of barrier between unitA ’s location and
unitD’s location: if cell locA Is unitA ’s location , bt =

[bartype](bocA ,boc). If bt = 0, let B = 1. (If there is no
barrier , no ad jus tment  is needed .)  If bt > 0 and

T~~~ 
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feba ~~~ febab(bt) / depth ,

let B = barier(i,sideA ,bt); otherwise , let B = 1. Thus, even
If a barr ier ex ists , its effects cease when the attackers have
progressed sufficiently .

The area of the “area of influence” of’ unit def(k)
(1 < k < ndef)  is z r a r e a ( d e f ( k ) ). ’ The total  area of the defenders ’
co mbined area of in f l u e n c e  is computed as

ndef
defarea = zrarea(def(k)).

The engagement variable front indicates the length of the defenders ’
line of contact with the attackers . Like FEBA , it is an abstraction ,
a way of measuring how far the defenders are stretched . If one
or more attackers are located in cell b c , then front = + . If not ,
the value of front depends on the number of directions from which
the attack is coming. If the attackers are all located In the
same cell , front equals the length of any side of a square equal
in area to cell b c  (a hexagon). If the attackers are located
in k different cells , where k > 1, then f ront  equals k t imes the
length of’ any side of cell b c .  The depth of the defense ,
d efdepth , Is given by

defdepth = mm {defarea/front , depth }.

The defenders ’ prepared positions , if any , are assumed to extend
only to the depth defdepth . The factor PREP has two purposes: to
reduce the vulnerability of a defender holding prepared positions ,
and to increase the vu lnerab i l i t y  of a defender whose defense is
hasty or disorganized . If unitD is not in a hold posture , let
PREP = 1. Alternatively, assume that it is. The virtual length
of time it has had to prepare its defense is t — tentry(unitD),
which may be negative. (See Section 3.3.6.) Let

pf = prep (j, side D, t — tentry(unitD)) .

(The function prep is explicated in Section 5.14.) If pf’ < 1,
unitD’ s preparation time is sufficient to reduce the vulnerability
of its type j materiel provided it still holds prepared positions .
Hence , let

1The function zrarea is explicated in Section 5.4.
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pf if pf < 1 and feba < defdepth/depth,
PREP =

1 if pf ~ 1 and feba ~ defdepth/d epth .

On the other hand , pf > 1 indica tes  a h a s t y ,  disorganized defense ,
a condition unlikely to improve ju s t  because the a t tackers
progress. Hence , let

PREP pf if p f > l .

That completes derivation of K(I,j,un itA ,unitD) , the “potential”
quantity of unItD’s type j materiel (1 ~~ . j �. nmat(sideD)) destroyed
in the fram~e by a unitA t ype i ground—ta—ground weapon
(1 ~ i ~ nggwep(smdeA)) . Similarly, the potential quantity of
unitA ’s type j materiel (1 ~~. j ~~. nmat(sideA)) destroyed in the
frame by a unitD type I weapon (1 1 1 �. nggwep(sideD)) is

K (i,j,unitD ,unitA) = kdef(i ,j,sideD) * alpha (i ,j)
- * PD * PA

* ED~ * E A .

The factors ’ definitions are analogous to those given above .

Let m = nmat (sideA). The allocation factor

alpha (i,j) =

aggdef(i,j,sideD) * (frinv(j,unitA) * [resources~ (unitA ,j)),
stdtgt(j, sideA) * DEN

where

DEN = ~~~~~~ aggdef(i,k,sideD) * (rsatk(k) / stdtgt (k,sideA)).

Let pastD be unitD’s posture . Let

PD~ = [fckdr](i ,sideD ,postD),

which equals fckdr(i ,sideD ,poff (p ostD)) by definition. Let postA
be u n i tA ’ s posture if’ un itA  is in an a t t ack  posture;  le t pos t~A =

140 if no t .  Let

= [fckdc](j, sideA ,postA),

which equals fckdc(j,sideA ,poff (postA)) by definition. Let
e = [environment](boc). Let

ED = fck d re ( i , s ideD , e ) ,

EA ’ = fckdce(j,sideA ,e).
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That completes den atlon of the two potential kill
matrices for the attacker-defender pair unltA—unitD ,
K(*,*,un ltA ,unitD) and K(*,*,un itD ,unltA). Potential kill
matrices are derived for each attacker—defender pair .’

For any battle unit ibu and resource type irs , define

ERS ( ibu ,irs) = freff (ibu) * frlnv(irs ,ibu) * [resaurces] (ibu ,Irs).

It Is the effective quantity of the unit ’s type irs resources that
can become actively involved in combat or combat support . The
function freff is explicated in Section 5.24 . Briefly, it adjusts
a battle unit ’s effectiveness according to the density of friendly
forces in its location . Let IGA = nggwep(sideA). Battle unit
unitD’s potential loss of type j materiel (1 1 j ~~. nmat (s ldeD))
in the frame due to all enemy ground fire is, by definition ,

pboss(unitD,j) =

K ( I ,j,atk ( k ) , unitD)  * ERS(at k (k ) , i).

Let IGD = nggwep( sideD). Battle unit uni tA ’ s potent ial  loss of
type j  materiel  (1 < j < n m a t ( s i d e A ) )  in the frame due to all
enemy ground fire is , by definition ,

ploss(unitA ,j) =

ndef IGD
Y’ ~~~~~ K ( i , j, d e f ( k ) , un ltA)  * ERS (def (k),i).

Associated with potent ia l  lasses of materiel are potential lasses
of personnel. (Notice that no fire is allocated directly to
personnel.) Let nm = n m a t ( s l d e D ) .  Unit  un i tD ’ s potent ia l  lass
of type p personnel (1 < p < np ers(sideD)) due to all enemy ground
fire is , by de f in i t i on,

p lo s s(u n i t D ,nm+ P )  =

~~ ~~~k 
~~~(K(i,i~ atk(k)~ unitD) * ERS(atk(k),i))

j=l k~1 1=1
* dpersr(p, I ,j)

1To conserve storage , the IDAHEX computer program uses none of
these matr ices .  Of course , it gets the same resul ts .
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if sideD = 1 and

p lass(unitD,nm+ p ) =

~~~ ~~~k 
~~~(K(i,j,atk( k),unitD) * ERS(at k (k),i))

* dperab (p ,i,j)

if sideD = 2. Let nm = nmat(sideA) . Unit unitA’ s potential loss
of type p personnel (1 < p 1 npers(sideA)) due to all enemy ground
fire is

ploss(unitA ,nm+p ) =

nm ef IGD

~~~ 
K ( i ,j , d e f ( k ) , u n i t A )  * E R S ( d e f ( k ) , i))

* dpersr(p ,I ,j)

if sideA = 1 and

ploss(unitA ,nm+p ) =

nm nde f IGD
~~ (K( i,i~ def(k),unitA) * ERS (def(k),i))

j l  k 1  1=1
* dpersb (p,i,j)

if sideA = 2.

A unit’s potential losses might exceed what it has . To
determine actual lasses , a sequenc e of adjustments are made.
The first step is determining the values for the resources in
the engagement. The values are returned by the subprogram app ,
whose arguments include a single ki l l  matr ix  for all the at tackers
and a single ki l l  mat r ix  for  all the defenders . This subsect ion
concludes by explaining the derivation of these average kill
mat r i ces .  The next  subsec t ion  exp la ins  app .

Let 1 < I ~ 
IGA and 1 � j ~ IGD. Let 1 < k � na tk .  The

total potent ia l  des t ruc t ion  of enemy type j  weapons a t t r i bu t ed
to all the type i weapons of attacker k equals

nde f
~~ K(i ,j,atk(k),def(~.)) * ERS(atk(k),i).

• The formula commits no double—counting because the array K takes
into account the allocation of type I weapons ’ fire to the various
types of materiel in the various enemy units. The total potential

- ~~~~~~~~~~~~~~~~~~~~ -—--- ~~~~~~~~~ —--- - -  -- -~~~~~~~~~~~ — --— -~~~~~~ -- —~
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des truction of enemy t~rpe j weapons attributed to all theattackers ’ type I weapons equals

natk ndef
~~ K(i,j,atk (k),def(&)) * ERS(atk(k),I).

k 1  £=l

Therefore , the average potent ial  destruction of enemy type j
weapons attributed to a type i weapon that is effectively,
actively involved in combat is

natk ndef
K(i,j,atk(k) , def( 9.) )  * ERS(at k(k),i)

/ k=1 L=iA~i,j) — natk
~ ERS(atk(k),i)
k=l

The matrix A is an average kill matrix far the attackers as a
whale . The defenders ’ average kill matrix , D, is defined
analogously : for 1 ~ I ~ IGD and 1 ~ j ~ IGA ,

ndef natk

~~ K(i,j,def(k),atk(~~) )  * ERS (def (k),i)
D(i,j) = ndef

E R S ( d e f (k ) , i)

The matrices A and D are passed to the subprogram app for
use in the antipotential potential method . In that context , a
theoretically rigorous approach would create A and D not by
averaging (as above) but by using artificial weapon types .
Unless

K ( i , j , a tk(k ) , de f ( 9 . ) )  = K ( i ,j , a tk (k~~~) , de f ( L ) )

and

K(i ,i,def ( R.),atk(k )) = K(j ,i,def(P.),atk(k~~ ) )

for every 1 ~ j ~ IGD and 1 ~ ~ ndef’, it would re—classify
type i weapons belonging to attacker k and type i weapons
belonging to attacker k~~ as two different types of weapons .And unless

K(i ,j,def(k ),atk (~~) )  = K( i ,j,def(k~~ ) ,atk(~~) )

and

5- 10
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K( j,i,atk(2),de f( k ) )  = K ( j  , i ,at k ( 9 . ) ,d e f(k ~~~) )

for every 1 < j ~ IGA and 1 ~ 2. ~ natk, it would re—classify
type i weapons belonging to defender k and type i weapons
belonging to defender k~~ as two d i f fe ren t  types of weapons .
Corresponding to an increase in the number of different types
of weapon s the attackers and defenders had would be an increase
in the number of rows and columns of A and D. The matrices might
grow so large that they required too much main storage and led
to excessive execution times far app .

• 5.1.2 Determin in g Weapons ’ V a l u e s

The antipotential potential method finds consistent values
(antipatential potentials ) far weapons based on the rates at
which they destroy enemy weapons . It was discovered Indepen-
dently by Spudlch [6] (also see [7]), by Dare and James [3],
and by Thrall and Howes [5]. Their work was synthesized by
Anderson [2]. The IDAHEX subprogram app determines the value of
each type of weapon in a given engagement . The present version
of app computes these values from the kill matrices A and D,
derived in Section 5.1.1 , by Halter ’s version of the anti—
potent ia l  potent ia l  method [ 1 4] .

Recal l  that  A ( i , j )  is the (average ) ra te  at which a type i
ground—to—ground weapon belonging to the attackers kills the
defenders ’ type j ground—to—ground weapons , and D(i,j) is the
(average) rate at which a type i ground—to—ground weapon belong-
ing to the defenders kills the attackers ’ type j ground—to—ground
wea pons. Let

m = nggwep(sideA), n = nggwep(sideD).

The matrix A is m x n , and D is n x m. Let wa be the m—vector
whose i — t h  component is the amount of type I weapons held by the
attackers , and let wd be the n—vector whose j —th component is
the amount of type weapons held by the defenders . Let va be
an m— vector and vd an n—vector. The component va(i) (1 ~ I ~ m)
is the value of a type I weapon belonging to the attackers , and
vd(j) (1 < j ~ n )  is the  value of a type j weapon belonging to
the defenders ; the values are derived below .

Some nota t ion  is needed.  Suppose v and w are real s—vectors ,
and M is a real r x s matrix. Then

5

<v , w> = v(i) *

f~~~i

and M * v is the r—vector whose i—th component equals

5 — l i
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M(i,j) * v ( j ) .

(Unless noted otherwise , all vectors are column vec tors .)  The
transpose of M is denoted ttMt tt : Mt ( i ,j )  = M( j,i ) for every
1 < I < r and 1 < j < s.

The antipotential potential method defines va and vd so that ,
for some scalar alpha ,

(1) alpha * va(i) = ~~~~ A (i,j) * v d ( j )  for every 1 ~ I < m
j = l

and , for some sca lar delta,

( 2 )  delta * vd(i) = D(i,j) * v a ( j )  for every 1 ~ I ~ n.
j =1

Thus, eac h weapon ’s value Is proportional to the rate at which
It destroys enemy value . By equation (2),

vd(j) = (1/delta) * D(j,k) * va(k).

Substitute for vd in equation (1), to conclude

(3 )  (alpha * delta) * va(i)

= ~~~~ A(i,j) * D( j,k ) * va(k )
k=l j= l

m
= 

~~~
‘ AD( I ,k ) * va( k),

where AD Is the matr ix  product  of A and D. Let

lambda = alpha * delta.

Equation (3) says that va Is an elgenvector of the matrix AD and
— lambda is an eigenvalue. According to the Frobenius Theorem ,

if AD is nonnegative and irreducible , then equation (3) has a
solution in which lambda > 0 and va > 0, and suc h a so lution is
unique up to multiplication of va by a positive scalar . Of
course , AD is nonnegative . The matrix AD is “Irreducible ”
if and only if it Is not “r educ ible ” . By d e f i n i t i o n , AD is
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reducible If’ and only if re—ordering Its rows and columns
can put it in the farm

f M l O 
1

~~M3 M 2 j ,

where Ml and M2 are square mat r ices  and all the elements in the
upper r igh t—hand  b lack  are zero . Permut ing the rows and columns
of AD is equivalent to permuting the rows of A and the column s of
D before calculating the product matrix. It follows that the non-
negative matrix AD is reducible if and only if there are subsets
Al and A2 of the set {i: 1 1 i I m} such that : the number of
elements in A2 exceeds 0 and equals m minus the number of elements
in Al ; and if A(I ,j) >~ 0 for some I c Al and 1 1 j I n, then
D( j,k) = 0 for every k c A2 . The condition holds if , for example ,
the a t tackers ’ weapons of a certain type are invulnerable  to the
defenders ’ fire. ’ Thrall argues that the weapon values obtained
by the antipotential potential method are meaningful even if AD
is reducible  [~~ ] 2

Several ways of scaling va and resolving lambda Into the
factors alpha and delta have been proposed. Each of the
following sets of assumptions uniquely determines va (determines
how it should be scaled) and alpha and delta:

~~ 
~~l 

va(i) = 1, vd(i) = 1 (Dare and James)

(ii) delta = 

~~l 
alpha 

~~l

(Thrall and Howes)

(III) delta = <va,wa> , alpha = <vd ,wd>

(Spudlch In
TATAWS III )

‘The matrix AD is reducible if D(*,j) = 0 for some j ,  which  is
necessarily true (because of the allocation of fire) If the
attackers have no type j weapons. IDAHEX circumvents this
problem by working, in effect , with an irreducible submatrix
of AD.

2His argument posits that the antipotential potential method
f inds  the  weapon va lues  by an I te ra t ive  procedure s t a r t i ng
with all—positive values . Such is the app procedure .

5— 13
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( iv )  alpha = delta b va (kw ) = 1 (Holter).

In ( iv )  kw is an integer in the interval [l ,m J .  The requirement
va ( kw ) = 1 merely f ixes the scaling of Va; choice of kw does not
a f fec t  the relative proportions of the elements of va and vd . 1
The present version of app implements ( iv ) .

For arguments in favor uf scaling assumption ( iv )  and against
the three alternatives, see [14] . The primary cons idera t ion  In
selecting a scaling assumption is the reasonableness of the
resulting force ratio:

FR - <Va, Wa>
- 

<vd , wd)

It should indicate which side is dominant . The attackers are
said to dominate if the force ra t io  rises as combat continues.
That happens If and only if the defenders ’ rate of value loss is
bigger in proportion to their total value than the attackers ’——i.e., the quantity

FR2 - (<vd, A t*wa>\ /(‘<va, D
t
*wd>

- 

~ <vd , wd> J / \ <va, wa>
exceeds 1. But

FR2 - KA*vd, wa> 
. 

<va, Wa>
- 

<D*va , wd> <vd , wd>

= 
alpha * (<va, wa>)2

del ta  * (<vd , wd>)2

The f i r s t  of the two preceding equal i t ies  reveals that  the value
of FR2 Is independent of how va and vd are scaled . Under scaling p
assumpt ion (iv) ,  the force ratio , FR, equals the square root of
FR2 (and therefore exceeds 1 if and only If FR2 exceeds 1). Under
assumptions (i) and (ii), it is possible that FR > 1 whIle FR2 < 1,

iSome antipotential potentials may be 0. Of course , if va(kw) = 0,
no rescaling can make va (kw) = 1. IDAHEX ’s subprogram app chooses
kw to avoid t h i s  con t r ad i c t i on  if poss ib le .  The cont r ad i c t i on  Is
avoidable unless the only nonnegative solutIon of equations
(1) and ( 2 )  is alpha = delta = 0, va = 0, vd = 0.
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and vice versa. Under assumption ( i i i) ,  FR > 1 If and only if
FR2 > 1, but regardless of the force rat io the attackers lose
value at the same rate as the defenders :

<va, Dt * wd> <D*va , wd)

= delta * <vd, wd>

= <Va, Wa> * alpha

= <A*vd , wa>

= <vd, A
t
*wa> .

Hence , assumption (iv) appears to be the most suitable.

The subprogram app actually determines the value of every
resource , not just ground—to-ground weapons . Let mm = nrs(sideA)
and nn = nrs(sideDj. Let

v a ( i ) ;  l < i < m
vala( i ) =

0 ; m < i < m m

v d ( i ) ;  1 < I < n
vald(i) =

0 ; n < i < n n

Since the resources other than ground-to—ground weapons cannot
des troy enemy resourc es , giving them zero value is completely
consistent with the antipotential potential method . Indeed , one
might expand A and D to include all resource types , so A would
have mm row s and nn columns and D would have nn rows and mm columns.
Of course , A(i ,j) would be 0 unless I ~ m , and D(i,j) would be 0
unless I < n. The vectors vala and vald defined above would
sa t i s fy  equat ions ( 1)  and ( 2 )  us ing  the  expanded A an d D:

alpha * vala(i) = A ( i , j)  * vald(j)
j =1

+ ~~~~ A ( i , j)  * vald(j)
j n+l

far  every 1 < I < mm , and

5— 1 5
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delta * vald(i) D(i~j) * vald(j)

+ ~~~~ D(i,j) * vald(j)
j=m+l

far  every 1 ~ I < nn.

5 . 1 . 3  Findin g Actual Losses

Section 5.1.1 derives the potential  losses of materiel
suffered by each battle unit in the given engagement . Section
5.1.2 derives the values of the resources in the engagement.
Those subsect ions’ notation remains in force. Recall that
ERS(ibu,i) is the effective quantity of type I resources belonging
to battle unit ibu that can become actively involved in combat
or combat support . Let

natk
ersatk(i) = ~~ ERS(atk(k),i)

k 1

for every 1 ~ i ~ mm (mm = n r s ( s i deA ) ) ,  and

nde f
ersdef(i) = ERS(def(k),I)

for every 1 ~ I ~ nn (nn = n r s ( s i d e D ) ) .  The attackers ’ total
value , fgrd , is defined by

fgrd = ersatk(i) * vala (i).

The defenders ’ total value , ggrd , is defined by

nn
ggrd = ersdef(i) * vald (i).

=1

The engagement ’s ground farce rat io Is

FRGRD = fgrd / ggrd .

5— 1 6
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The calculation of the family of kill matrices
K(*,*,atk(k),def(&)); the average kill matrices , A and D; and
the potent ial losses , ploss; considered several influences ,
lIsted in Table 5.1. But the values assigned to the relevant
variables by the game design data may not adequately represent
all these influences , necessitating adjustments to ploss. In
addition , ploss must be scaled according to the intensity of
combat. Finally , no unit should be assessed losses In excess
of what it has.

The first step in the adjustment process is determining
a representat ive posture far the engagement attackers and one
for the defenders . The value of attacker k is, by definition ,

E R S ( a t k ( k ) , i )  * vala(i).

Let pastA be that posture such that the total value of the
attackers in it is greatest; as before , an at tacker ’s posture
is taken to be 140 If not an attack pasture . Let postD be that
posture such that the total value of the defenders in it is
greatest.

The next step compares the attackers ’ value lass Implied by
ploss with the value lass prescribed by the engagement ’s force
ratio. 1 The attackers ’ potential loss of value is

delval = p l o s s ( a t k ( k ) , i )  * v ala ( i ) .

Le t tem p = fr dva l (FR GRD ,postA). (The function frdval is
expl icated in Sect ion 5 .14 .) If temp < 0 , this step is skipped.
Th us , by appropr ia te ly  de f in ing  the  game design data used by

• frdval , the game designer can selectively avert this step, If
temp ~ 0, let

scalar  temp / (delval/ fgrd) ,

and redef ine  p loss :  for  every 1 ~ k ~ natk and 1 < irs ~ n r s ( s i d e A )

ploss (atk(k),irs)-i--—scalar * ploss(atk(k),Irs ) .

‘This step is basically the same as one In IDAGAM ’s attrition
Z procedure [1]. Indeed , the  basic s tructure  of IDAHEX ’s

a t t r i t i o n  procedure——a scaled Lanchester square process——
originated w i th  IDAGAM.

5— 17
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Table 5.1. INFLUENCES ON ATTRITION

Inf l uence How Re p resen ted

at tack vs. defense katk vs. kdef

posture fckar , fckac, fckdr , fckdc

env ironment fckare , fckace , fckdre ., fckdce

barriers barier

defensive preparation prep

That is, the attackers ’ potential losses are scaled so that the
attackers ’ total  potential  loss of value agrees with what Is
predicted from the force ratio.

Next, the same operation occurs for the defenders . Let

ndef nn
delval = ~~~~ ploss (def (k),i) * vald(i).

k=l 1=1

Let temp = frdval(FRGRD,postD) . If temp < 0 , this step is .9kippe d .
Otherwise , let

scalar = temp / (delval/ggrd),
and redefine plass: for every 1 ~ k ~ ndef and I ~ irs ~~ n r s ( s i d eD) ,

ploss(def(k),irs)— scalar * ploss(def(k),irs).

The final step is scaling ploss according to the intensity
of combat , which depends upon the tactical overlap of the attack-
ing force and the defending force. The tactical overlap is
defined as the depth of the attackers ’ penetration of the defend—
ers ’ cell (feba * depth) plus the effective range of the attackers ’
fire , which depends upon the combat environment. To be precise ,
the tactical overlap is defined as

TO = mm {feba * depth + td([environment](loc)), defdepth }.

(Recall that cell b c  is the engagement location , and defdepth ,
defined in Section 5.1.1, is the depth of the defense.) The
in tens i ty  of combat is indicated by

TI = TO / defdepth ,

5— 18
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a number between 0 and 1. If the at tackers and de fenders are
colocated , then feba = 1, an d TI = 1. The potent ia l  losses are
scaled by TI:

pboss(atk(k),irs).~— TI  * p l o s s ( a t k ( k ), ir s ),

for every 1 ~ k ~ natk and 1 ~ irs ~ n r s ( s i d e A ) ,  and

pbass(def(k),irs)*—TI * plass(def(k),irs)

for every 1 ~ Ic ~ ndef and 1 < irs ~ n r s (s id e D ) .

The losses can now be assessed. Usually , a unit can only
lose resources that are actively involved in combat . If
FRGRD 

~~ 
.0001 , then for every 1 ~ Ic ~ natk , [ re so u r c e s] ( at k (k ) , irs)

is reduced by the quant i ty

mm {ploss(atk(k),ir s ) ,
f r i n v( ir s ,at k ( k ) )  * [r esources](at k( k ) , ir s ) }

for ev ery 1 ~ irs ~ nr s ( s id e A) .  But if FRGRD < .0001, the
at tackers  lose everything : far  every 1 ~ k ~ natk

[res our ces](a t k (k) , irs).*— O

for every 1 ~ irs ~ n r s ( s i d e A) .  That eliminates the possibility
of dummy attacks, in which the attackers have no ground-to—ground
weapons available for combat and suffer no losses. If
FRGRD < 10,000, then far every 1 ~ Ic ~ ndef , [resources]( def (k ) , ir s)
Is reduced by the quant i ty

mm ~plass(def(k),ir s ) ,
fr inv( irs ,def(k))* [resources](def(k),irs)}

for every 1 ~ irs ~ n r s ( s id e D ) .  If FRGRD > 10 ,000, then for
every l~~~~k~~~~ndef

[resources](def(k) ,irs) *— 0

for every 1 ~ irs ~ n r s ( s id e D) .

The preceding assessment procedure may err in the case of
personnel , assuming that  dperer and dpersb give actual personnel
lasses associated wi th  actual materiel  losses , rather than potential
materiel losses. Inconsistency occurs when and only when the
potent ial  loss of same type of materiel  (given by p loss)  exceeds
the actual  (assessed)  loss (which  cannot  happen if the initial
quantity is 0, for then the potential loss is 0). The inconsistency
is one facet of a larger phenomenon. If the potential loss of
some type of mater ie l  exceeds the actual  loss , the force to which
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it belongs loses a smaller fraction of its value than it should ,
assuming frdval  determine s that  f rac t ion .  These inconsistencies
are probably small in magnitude and are always f lee t ing:  if the
potential loss of some type of materiel exceeds the actual loss,
then, barring other changes, in the next frame none of it will be
available for the engagement and the potential lass of it will be
0.

5 . 2 FEBA MOVEMENT

Recall that each engagement has its own FEBA , measured by
the varIable feba, whose primary purpose is to determine when
the attackers are allowed to occupy the engagement location.
This subsection explains how any given engagement ’s feba Is up-
dated at the end of a frame to reflect the comb at during the
frame. The notation of Section 5.1 remaIns in force.

The change in feba from the start of the frame to the end
of the frame depend s on the attackers ’ posture, the defenders ’
posture, and a force ratio that includes the contribution of
close air support (CAS). Air support is assessed at the start
of every cycle , as Section 6 explains . (A cycle consists of one
or more frames.) The losses of ground—ta—ground weapons inflicted
by CAS are recorded for use by the combat procedure . For every
1 ~ 

j ~ nggwep(s ideD), let CASATK(j) be the amount of the
defenders’ type j weapons destroyed by air strikes made (by side
sideA) in close support of the attackers; of course , if the
attackers received no CAS In the cycle , CASATK(j) = 0. For every
1 ~ 

j ~ nggwep(sideA) , let CASDEF(j) be the amount of the attack-
ers ’ type I weapons destroyed by air strikes made (by side sideD)
in close support of the defenders. These losses were determined
at the start of the current cycle , and are assumed to be spread
uniformly over the cycle. Therefore , to find CAS ’s effect on the
engagement in the frame now ending, CASATK and CASDEF must be
divided by nframe , defined as the number of frames In a cycle.

To find a farce ratio that reflects bath the ground forces
and the air forces in the engagement , it is necessary to assign
a value to CAS’s contribution in a way consistent with the way
the ground values are determined. The antipotential potential
method facilitates this. Recall that the attackers ’ ground
value is

m
fgrd = ersatk(i) * vala(i),

1=

where m = nggwep(sideA) (vala(i) = 0 if I > m ) .  For every
1 ~ I < m
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n
vala(i) = (1/alpha) * A(i ,j) * v a l d ( j ) ,

=1

where n = nggwep(sideD). Therefore ,

n /m
fgrd = (1/alpha) * ~~ 

( A( i ,j) * ersatk(i)) * vald(j).j=l -\ =1 /

The sum in parentheses is side sideD ’s total potential loss of
type j materiel In the frame. The air value of side sideA in
the engagement , fair, is computed the same way

fair = (1/alpha) * ~~ ( CASATK( j) / nframe ) * vald (j) .
j=l

Ana logous ly, the air value of side sideD in the engagement is
defined as

gair = (1/delta)  * (CASDEF(j) / nframe) * vala(j).j = l

The combined ground—air force ratio Is

FRGA = 
fgrd + fair
ggrd + gair

Let pastA be the a t tackers ’ representat ive pasture and postD
the defen ders ’ representative pasture ; pastA and postD are
defined in Section 5.1.3. The function value

vfe ba (FR GA , pastA , pastD , sideA )

is the veloci ty  of an engagement ’s FEBA when the combined ground—
air force ratio is FRGA , the attackers ’ representative posture
is pas tA , the defenders ’ representat ive posture is postD , and
the attackers belong to side sideA. (The function vfeba is
expl icated in Section 5.14.) Let

temp = vfeba (FRGA ,postA ,postD ,sideA ) * tframe .

This number may be negative . If feba0 is the value of feba at
t he start of the frame , then at the end of the frame

feba = mm fmax {feba0 + temp/depth , 0}, 1)- .
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5 .3  ELIMINATION AND RETREAT

After the lasses in one frame of an engagement are assessed ,
each of i ts  a t tackers  and defenders is examine d to see if it Is
so weak it should be e l iminated.  The evaluation is based on the
resources ’ “stan dard va lues ” : for s = 1 or s = 2 and
1 < i ~ n r s ( s ) ,  rsvald(i ,s) Is the “standard value of a side s
type i resource on defense”. It is found by putting the resource
on defense in a nominal engagement . Let si = 1 and s2 = 2. For
every 1 ~ I ~ nggw ep(s 1’ and 1 ~ j nggwep (s2), let

DSTD ( i, j)  = k d ef( I , j , sl )

nm
* aggdef (i,j, sl )  / ~~ agg’def (i,k ,s l)

k= 1

where nm = nmat ( s2 ) .  For ever y 1 < I < nggwep (s2) and
1 

~ 
j ~ nggwep(sl), let

ASTD ( i,j) = katk(i,j,s2)

nm
* a g g a t k( i , j , s2)  / ~~~~~ aggatk(i ,k ,s2)

k=l

where nm = nmat(sl). The subprogram app Is called with the kill
matrices ASTD and DSTD as arguments; it returns the values of
the side si r esources (on defense) ,  which define rsvald(*,s l) .
The values of the side s2 resources (on attack) define
rsvala(*,s2)—— ”the standard values of side s2 resources on
attack”——which are used to resolve mutual attacks (Section
3 .3 . -LI). To compute rsvald(*,s2)——the Blue resources ’ standard
values on defense——the process is repeated with si = 2 and
s2 = 1.

Let unit Ibu be an attacker or defender in the engagement .
Let s = 1 if it belongs to Red and s = 2 if it belongs to Blue .
Let n = n r s ( s ) .  Let

n
sv = ~~~ toe (butype(ibu), i) * rsvald(i ,s) ,

i= 1

n
cv = ~~~ [resourc es ] ( ibu ,i ) * rsva ld (I ,s) .

1=1

cv < vanish(butyp e (ibu)) * sv — l0~~ ,
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then unit ibu is eliminated: it is assigned the mission whose
only order declares —10 as the desired posture .

If, at the en d of a frame , feba � febad in a given engagement ,
the defenders are declared defeat ed , and the combat procedure
calls the tactical subprogram haven to ascertain whether the
defenders have a line of retreat . To be admissible as a direction
of retreat , a cell must be active and adjacent to the engagement
location , and it must satisfy the following conditions: (I) It
contains none of the attackers in the engagement ; (ii) If it
contains an active unit belonging to the attackers ’ side , then it
must also contain an active unit belonging to the defenders ’ side
and be owned by the defenders ’ side . If the game design variable
haven .zoc has the value .true., a direction of retreat can also be
blocked by the presence of attackers in cells flanking i t .  To be
prec ise , suppose cell i satisfies all the preceding conditions for
admissibility as a direction of retreat . If haven .zoc = .true .,  in
order to be an admissible direction of retreat , cell I must
satisfy the additional condition : (iii) if cell j Is adjacent
to bath  cell I and the enga gement locat ion and it contains one
of the a t tackers , then cell I must contain an active unit from
the defenders ’ side and must be owned by the defenders ’ side .

If the defenders have no admissible direction of retreat ,
they are eliminated. If they have an admissible direction of
retreat , haven selects the most desirab le one . Each admissible
direction of retreat is scored as follows:

(1) Initially , let its score be 0.

(2) If it is exactly two cells away from a cell containing
one of the attackers , let its score be —1 .

(3) If it is adj acent to a cell (other than the engagement
loca t ion)  con ta in ing  one of the attackers , let its
sco re be --2.

( LI )  If it is owned by the attackers ’ side , decrease its
score by .5 .

(~~~~~) 
If it is owned by the defenders ’ side and contains an
active unit from their side , increase its score
by 1.8.

( 6 )  Let S = 1 If the defenders are Red and s = 2 if they
are Blue . Let Ic = pthome(s). If the cell is the
k—th rim cell of the engagement location increase
its score by .01.

The “r im cells ” of a given cell are the cells adjacent to it.
They are or dere d by number , from lowest to highest. For example ,
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in Figure 3.3 (page 3—6), the first rim cell of cell 6 is cell
2, the second is cell 3, the third Is cell 5, the fourt h is cell
7, the fifth is cell 9, and the sixth is cell 10; the fourth rim
cell of cell 1 is cell 2 , the sixth is cell 5, and the other rim
cells of cell 1 do not exist ; the fifth rim cell of cell 114 is
cell 17.

Let cell r be the admissible direction of retreat with the
highest score ; ties are broken by minimizing r, Each defender
that is not already disengaging is forced to disengage imme-
diately toward cell r: it is assigned the active order

desired objective = r,
desired pasture = pmapup(pmapup (pmapup(pmapup(p)))),

where p is its current posture (a hold pos tu re) .  Once all the
defenders are disengaging, the attackers are allowed to occupy
the engagement location, as Section 3.3.3 explains.

5.4 THE COMBAT FUNCTIONS

This subsection explains the functions frinv , zrarea , freff ,
prep , frdval, and vfeba , which t he subprogram combat invokes.
They are piecewlse—afflne (loosely speaking, piecewise—linear)
functions mapping the real line into the real line. Such a
funct ion  is specified by listing points In its domain— .-x (l),
x(2),... ,x(n)——and its value at each of these points——y(l),
y ( 2) , .  .. ,y (n ) . By requirement , x ( l ) ~ x ( 2) 

~~..  .< x ( n ) .  The
function pafgen evaluates a piecewise—affine function . Let w
be a real number . If w ~ x ( l ) ,  then

pafgen(w ,y,x )  = y ( l ) .

If w ~ x ( n ) ,  then -

paf gen(w ,y,x )  = y (n ) .

Suppose x ( l ) < w < x ( n ) .  Let

ii = max {i: x ( I )  ~ w , 1 ~ i ~ n } ,
12 = mm {i: x(I) > w , 1 ~ I ~ n}.

Then

pafgen(w ,y , x )  =

y ( i l )  + x(72~ ~~~~Ui~ 
* (y(12) - y(Il)).

( The IDAHEX func t ion  pafgen ac tual ly  has an addit ional  argument--
n, the number of components of the vector x or y.)
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A similar funct ion , paf , is used to evaluate a piecewise—
af f ine  funct ion whose domain is the nonnegative reals. Such a
funct ion  is specified by listing its value at 0, which is denoted
yO; listing points In its domain——x(l),... ,x ( n ) ;  and l is t ing i ts
values at these polnts——y(l),. . . , y ( n ) .  By requirement ,
0 ~ x(-l) ~~ . . .,~ x(n). Let w be a real number. Define the vector
ybong , with n+ l components , as fo llows :

ybong(l) = yO ,

ybong(i+l) = y(I) for 1 ~ i ~ n .
Define the vector xlong, with n+l components , as follows :

xlong ( l ) = xO ,

xlong(i+l) = x(i) for 1 ~ i ~ n.
Then

p a f ( w ,y O ,y , x)  = pafgen(w ,ylong ,xbong).

(The IDAHEX function paf actually has an additional argument--
n, the number of components of the vect or x . )

5.4 .1  Resource A v a i l a b i l i ty  for Combat - f r inv

The function frinv , as called by the combat procedure , has
two essential arguments: a unit number , ibu; and a resource
type , irsarg. If the unit ’s resources of t ype irsarg are equip-
ment (wea pons or trans por t ) ,  fr inv returns the frac tion of them
that are available for combat ; equipment is available for combat
if and only if its requirements for support and protection are
met . If the type irsarg resources are support resources
(supplies or personnel), frinv returns the fraction of them that
are available and needed . The neutral term “fractional involve-
men t ” designates the number returned in either case . In the
process of determining the fractional involvement of type irsarg
resources , frinv determines the fractional involvement of every
type of resources in unit ibu. Let s = 1 if unit ibu is Red
and s = 2 if it is Blue. Let fi(Irs) be the fractional Involve-
ment of type irs resources in unit Ibu for every 1 ~~. irs ~~. n r s ( s ) .
Th~ sequel explains how it is determined .

A unit loaded on other units cannot participate in combat:
if unit Ibu is a passenger in a stacked task force——i.e., if the
task force ’s transport made is positive and trptcl(butyp e (Ib u))
equals it——then fI(i) 0.

Hencefor th , assume unit ibu is not a passenger. Given that
frInv has been called by the combat procedure , unit ibu must be
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engaged. Othe r units  from I ts  side may be par t ic ipat ing in the
same engagement; frlnv assumes that all such units with the same
locat ion as uni t  ibu perform as an integral whole , sharIn g the ir
support and using their weapons in concert . Let L be the set
of every unit that Is from the same side , participating in the
same engagement , and located in the same cell as unit ibu . Delete
from L every unit  that  is a passenger In a stacked task force.
For 1 ~ irs ~~. nr s( s) ,  define amount(irs) as the total quantity
of type irs resources held by the  force L :

amoun t ( ir s )  = [re sources]( i,ir s ) .
leL

Let

nsp = nss(s) + vipers(s),

the number of types  of side s support resources. Suppose
nsp = 0. Then fi  i~- determined solely by considerat ions  of
equipment protection . The game design variable pg organizes
equipment into protection groups , numbered 1, 2,...; pg (i,s)  is
the protection group to which type i equipment of side s belongs .
At least one type of the side ’s ground—to—ground weapons should
belong to protection group 1. Any equipment in protection group
1 can protect itself and equipment in higher protection groups.
Equipment in a protection group higher than 1 cannot protect it-
self, but can protect equipment in protection groups higher than
its own . The quantity of type i equipment that a unit—quantity
of type j equipment can protect , provided pg (j) < pg(i), is
prot(i ,j, s) by definition . Equipment other than ground—to —
ground weapons , a l though It may conceivably belong to protection
group 1 and be able to protect itself , is assumed to be unable
to protect other equipment——i.e., prot(i ,j, s) is assumed to be
0 if j > nggwep(s) . In the present case , where support is
ignored , fI(i) = 1 for every i such that pg (i,s) = 1. The
f rac t iona l  involvement  of equipment in higher p r otec t ion  groups ,
if any,  is determined i nduc t i ve ly .  Suppose that for some

k < max ~pg(i ,s ) ;  1 ~ I ~ n e q u i p ( s ) ) .

fi(i) has been determined for every I in the set

I = {i: pg (i,s) ~ Ic, 1 ~ I < nequ ip ( s ) } .

For eac h j such that  p g ( j , s) = Ic + 1, let

Q~~j) = id prot( j, i ,s) * f I ( i )  * a m ou n t ( i ) ,

the quantity of type j equipment that can be protected. Set
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m m  (QP(j) , amount (j)}
— 

amount(J)

That completes the induction step. If possib le k is incremented
by 1 and the step is repeated.

Typically , small arms belong to protect ion group 1, tanks
to group 2 , artil lery to group 3, and ground-to-air weapons and
tran sport to group 14. No tice tha t protect ing one type of equip-
men t does not reduc e a weapon ’s ability to protect other types
of equipment . One might think of the equipment in protection
group 1 as being deployed ne ar the front  of the format ion , the
equipment in protection group 2 deployed behind it , and so an ,
with the equipment In each protection group ac t ing  as a screen
for the equipment deployed behind i t .

Hencefort h, assume t hat nsp > 0. To determine f i ( i ) for
every 1 ~ i ~ nrs( s) ,  frinv Implicitly allocates support to the
various types of resources. The allocation is reasonable , but

t not optimal: it does not maximize the force L’s value in combat.
It should not ; the allocation is partly prescriptive . It is
designed to field a balanced combat farce——one In line with
stdtgt(* ,s ) ,  wi th  no unprotected equipment .

Let

neq = n e qu i p ( s) .

For every 1 � k � nsp let

suppt(k) = amount(neq+k),

the total quantity of type k support held by the units In L.
If personnel are played——i.e., if n p e r s ( s )  > 0——the quantities
of personnel available to support materiel  must be reduced by
overhead requirements:

suppt(k).*— suppt(k) — ppoh (k ,butyp e(I))
icL

for every 1 ~ Ic ~ npers (s). (p p o h ( k , j )  is def ined as the over-
head of type k personnel in a type j battle unit——a quantity
that is independent of the unit ’s actua l size .)

Let

0 i f s = l ,
io =

nrs(l) if s = 2.
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The game design datum 8pdd (k , iO+irS)  is the demand of a unI t -
quantity of side s type irs resources (1 ~ irs ~ n r s ( s) )  for
type Ic support (1 i k <. ns p ) . ’ The IDAHEX computer program
assume s that  supplies ’ demand for supplies is 0 and personnel’ s
demand for personnel is 0. The total demand of the force ’s
resources of type irs for support of type Ic is computed as

dd ( k ) = amoun t (Ir s )  * spdd (k,iO+Ir s ) .

Let ss(k) be the quantity of type Ic support allocated to the
farce ’ s type irs resources. For every 1 ~~. Ic ~~. nsp , let

sigma(k) = paf (ss(k)/dd(k), frinv.fO(k ,iO+irs),
frinv.f (k ,iO+irs ,*), frinv .x(s ,*))

if dd(k) > 0, and let sigma(k) = 1 if not . The fractional
involvement of the force ’s typ e irs resources , f i ( ir s ) ,  is
given by 

—

fi(lrs) = mm {sigma(k); 1 ~ k ~~. nsp}.

Thus , allocation of support to each type of resources determines
their fractional involvement . To be sure that no more of any
type of support is allocated than is available , the vector alloc
is used to keep track of the allocation ; alloc(k), for 1 <. k ~ nsp ,
is the total quantity of type k support allocated. Initially,
al boc 0.

First , personnel are a l located to suppl ies .  For each
1 ~ kpp ~ npers (s), the total demand for type kpp personnel by
the force ’s supplies is

n s s( s )
= 

E 
suppt(kss) * spdd ( nss (s)+kpp , iO+neq+kss);

kss=l

the demand of type kss supplies alone is

dd = suppt(kss) * sp dd( nss(s)+kpp , I0+neq+kss )

(1 � kss ~~. nss(s)); the allocation of type kpp personnel to type
kss supplies is chosen as

mm {dd , dd * (suppt(kpp) / Q)} ,

‘Equipment ’s requirement for support normally should include the
personne l needed to operate it in comb at and , In addition , per-
sonnel needed to keep It operational (by maintenance and repair ,
for example) .  With respect to the latter , the game designer must
avoid counting personnel requirement s twice——once in resources ’
requirements (sp dd) and once in overhead (ppoh).
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and alloc(nss (s)+kpp) Is increased by this quantity. As
explained above , the allocat ion determines fI(kss). Only that
fraction of type kss supplies are avaIlable for allocation ;
redefine su p p t ( k s s )  for every 1 ~~. kss ~~. naB (s):

suppt(kss)4— fi(kss) * suppt(kss).

Next , supplies are allocated to personnel , but f i( i r s )  is
set to 1 for each n m a t ( s)  < irs ~~. nrs( s) whet her or not the
allocation sa t i s f ies  personnel’ s demand . Record the allocation
of supplies:

a1boc(kss).~-_— a11oc(kss) +

npera ( 5 )
amount ( n m a t ( s ) + k p p ) * spdd(k ss , iO +n m a t ( s ) + k p p ) .

kpp=l

(If n s s ( s )  = 0 or n p er s ( s )  = 0, both preceding steps are vacuous.)
Next , support is allocated to equipment . Let

I = {ieq: stdtgt(Ieq,s) > 0, 1 ~ ieq ~ neq}.

If I �. neq but i 4 I, fi(i) is set to 0 and never changed . If
I E I and amaunt(i) = 0, fi(i) is set to 1 and never changed .
Initially, fi(i) = 0 for every other I c I. It is increased in
small increments by increasing the support allocated to each type
of equipment in the set I. Let rgain be a small positive number——
.01, for example. At the start of any given iteration of the
algorithm , let

q(j) = fi(j) * amount(j)

for every j. (fi may have been redefined in prior iterations.)
The iteration consists of performing the following sequence of
operations for each I c I for which amount(i) > 0.

Step 1: If pg (i,s) = 1, let qp = 4= and go to Step 2.
Let P be the set of every ,‘ c I such that pg(j,s) < pg(i ,s ) .
Let

qp = ~~~~ prot( i,j, s) * q(j),
jeP -

the quantity of type I equipment that can be protected by
the equipment presently available for combat .

-

- 
Step 2: Let

qr = rgamn * stdtgt(i ,s) ,
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the amount by which q(I) would have to increase in order
to increase

q ( i )  / atdtgt(i ,s)

by the amount rgain . Let

qadd = mm ~qp, qr}.

For every 1 �. ksp ~~. ns p , let REQ(ksp) be the amount of
additional type ksp support that must be allocated to
type i equipment to increase q(i) by the amount qadd——
i.e., to Increase fi(i) by the amount

qadd / amount(i).

If

alloc(ksp ) + REQ(ksp) ~~. suppt(ksp)

for every 1 ~~. ksp ~ nsp , then a l locate  the support and
update fi and q(i):

alboc(ksp).*—alloc(ksp) + REQ(ksp) for every 1 ~~. ksp ~ ns p ,
fi(I)4— f 1(1) + qadd / amount(i),

q(i)4—fi (i) * amoun t ( i ) .

If not , f i (i )  cannot be increased .

Thu s , the algori thm tends to f ie ld  a balanced combat
force——i.e., it strives to equalize

fi(i) * amount(i) —

atdtgt(i ,s)

over every i c I and never commits unprotected equipment to
combat .

Support not actually needed by resources for c o m b a t — — i . e . ,
unallocated suppor t ——should  not be ac t ive ly  involved in combat
(and subject to enemy fire). The final step reduces the
fractional involvement of support that is in surplus : for
every neq < irs ~~. n r s ( s )  such that  a m o u n t ( i r s )  > 0, fi(Irs) is
redefined as

mm {fI(irs), alloc(irs—neq) / amount(irs)}.

The preceding expla ins  the derivat ion of frmnv(irsarg ,ibu)
in the case where unit ibu is engaged ; that case always applies
when frlnv is called by the combat procedure . The derivation
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ac tually involves f inding the frac tional involvement of resources
in a set of units , L, that share t heir support and use the ir
weapons in concert . Sometimes , fo r a player ’s informat ion , it
is useful to find the fractional involvement for a specIfied
force L, rather than a force inferred by frinv from the argument
ibu.  The IDAHEX entr y paint fr inv actual ly has two additional
arguments:  a vector , list; an d an integer , nlist . If Ibu ~~. 0,
frinv constructs the set L from the vector list , whose f irst nlist
elements must be the identification numbers of friendly battle
uni ts ;  fr inv then proceeds as above to f ind the f ract ional
involvement of resources in the force L .

5.4 .2 Area of Area of In f luence - zrarea

The function value zrarea(ibu ) is the area of the area of
inf luenc e of batt le  un it ibu .  It is 0 if t he unit is inact ive.
Assume unit ibu is active . Let s = 1 If It is Red and s = 2 if
it is Blue . Its curren t va lue , measured in terms of the standard
resource values , is

nrs ( s)
cv = ~~~~ rsvald(irs ,s) * [resources](ibu ,irs).

irs=l
p 

Its value at toe strength would be

nrs ( s )
sv = rsvald (irs ,s)  * toe(butype (Ibu) , irs) .

irs=l
2

The size of its area of influence is assumed to be proportional
to the size at toe strength. The latter depends upon the unit’s
type and pasture class. 

- 
Let pc be the unit’s posture class:

zrarea(ibu) = (cv/sv) * aisize (but~jpe (ibu),p c) .

5 . 4 . 3  Batt l e Unit E f f ec t i veness  - freff

A battle unit ’s effectiveness may depend upon the density
of f r i end ly  farces In i t s  locat ion.  If the dens i ty  is too low ,
the friendly force is vulnerable to infiltration and turning
maneuvers. If the density Is too high , the friendly farce is
more vulnerable to area fire , and congestion of the trafficable
areas reduces ~he maneuver battalions ’ tactical mobility. In
many models the degradation of effectiveness due to high density
is implemented indirectly by a rule limiting the number of units
located In the same ce l l .  Since un i t s  ma y var y greatly in size ,
espec ially late In t he game , IDAHEX uses a more f l ex ib le  method .
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Suppose the location of unit ibu , an active bat t le  unit ,
is cell i. Let F be the set of every active , fr iendly unit
located in cel l I , ident ified by number. The tota l area of
their areas of invluence is

A = zrarea( j) .
jE

The f r iendly  force dens i ty  is A divided by the cell area; let
d equal this quotient . Let s = 1 if the units in F are Red and
s = 2 if they are Blue . The fractional effectiveness of unit
ibu , or an y un it in F, is

freff(ibu) = paf (d, freff.fO(s), freff.f (s ,*), freff.x(s ,*) ) .

Normally,  th i s  is a number in the interval t 0 ,l]. It can exceed
1 only if fr eff.fO (s) > 1 or freff.f (s,j) > 1 for some j.

5 . 4 .4 D e f e n s i v e  P repa ra t i on  - prep

The vu lnerab i l i ty  of materiel  varies wi th  the t ime i ts
battle unit has had to prepare a defense. Suppose s = 1 or
s = 2, and suppose 1 ~ I ~ n m a t ( s ) .  The func t ion  value
prep(i , s , h)  is the fac tor  the combat procedure applies to type
I materiel belonging to a side s unit whose defense preparation
time equals h.

prep (I,s,h) = pafgen (h, pr ep .f (i,s ,*), p rep .x(s ,*)) .

Because of peculiarities in the way preparation time is
calculated , h may be negative . The game designer should allow
for this possibility by choosing

pr ep .x(s ,l)  < 0.

5 . 4 . 5  Fract ion of Va lue  Lost  - frdval

This func t ion  finds  the fract ion of value that  a side in
combat loses given the side ’s posture and the engagement ’s
ground force ratio. Let post be the side ’s posture and FR t he
force ratio. Let k = poff(post). Let

temp = pa f (FR , frdval .fOatk(jc),

frdv al.fatk(k ,*), frdvaZ .x)

if post ~ 140 ( the  side Is the at t acke r  in the engagement ) , and
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temp = paf (FR , frdval.fodef (k),

frdval.fd ef (k,-*), frdv al.x)

if post < 140 (the side is the de fende r ).  The number temp gives
the fract ion of value lost in one un it of t ime , but the combat
procedure needs to know the fraction lost in one frame. There-
fore,

1 — (1 — temp)**tframe ; temp ~ 0frdval (FR, post) =

temp ; temp < 0.

The combat procedure , which calls frdval , interprets
frdval (FR,post) < 0 as a signal that no prediction of the
side ’s losses should be made from the force ratio and therefore
that the side ’s losses should not be scaled according to it. - —

5. 4 .6 FEBA V e l o c i t y  — vfeba - 
-

The funct ion value vfeba (FR , pa , pd , sa) Is the veloci ty
of the FEBA (measured by depth  * feba) in an engagement in
which the force ratio is FR , the a t tackers  are from side sa ,
the attackers are in pasture pa , and the defenders are in
pasture pd . Let

po ff (pa) ; sa = 1
ka=

po ff (pa) + v feba .npa ;  sa = 2.

The offset vfeba .npa is defined by the entry point vfeba0. If
the number of attack postures is large (I.e., if npost (14) is close
to 10), It may be necessary to increase vfeba .npa and the dimen-
sions of certain variables declared by vfeba0. In that event ,
IDAHEX will advise the game designer with a message in file 51
(which is described in Section 8) .  Let kd = po ff (p d) . Then

vfe ba (FR , pa , pd , sa) =

paf (FR, vfeba .fO (ka ,kd), vfeba .f (ka,kd ,*), vfeba.fr).

This number may be negative .

In defining vfeba.fO and vfeba.f the game designer should
keep in mind that the attackers have already been charged with
the time needed to go from their locations to the engagement
location , and if they occupy the engagement location and then
leave , they will be charged with the time needed to go from the
engagement location to their new locations ; the movement delay
takes care of unopposed movement . The feba velocity is used
to determine an additiona l delay caused by opposition. Conse—
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quently , if the force ratio is very high , the feba velocity
should be very high ; it should not be limited by the unopposed
movement rate.

5_314 

- -~~ ---_ -~~~
_- 

~~~~~-~~~~~~~--- ~~~~~~~~~~~~~~~ —— - - —  ~~~~~~~~ --—~~~~—~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ ~~~~~~ - —~~~~~~ -- ~~~~~~~
- _ _ -~~~~ -~~~~~~



- 

6. A IR  SUPPORT

At the start of every cycle (including t = tinit), each
player may enter air strikes. IDAHEX conta ins no air war fare
model and therefore has no way of ascertaining what air assets
a side can allocate against enemy ground forces. It assumes
that any air strike a player enters is within his side ’s capa-
bility. In practice , the game designer adopts either of two
solutions : he gives each player a list of the air assets
available in each cycle for use against enemy ground forces,
or he runs an air warfare model concurrently with IDAHEX. The
first solution is suitab le when the course of the air war is
easy to predict——usually because one side clearly domInates.

Suppose the side s player (s = 1 or s = 2) is inputting
an air strike. His first line of input tells IDAHEX the “target
cell” and the “strike role ” . The target cell is the cell toward
which the strike is directed . The strike role is either close
air support (CAS ) or air Interdiction of battle units. If the
strike role is interdiction , the player ’s next input line
defines the four—component vector asprty , which is a list of
the four positive posture classes in order of priority. The
next input line sets ascomp ; ascomp(i) is the number of type i
aircraft participating in the strike (1 < i < nactyp( s)).

Suppose the air strike role is CAS. If there is no engage-
ment whose location is the target cell , the player is warned
and no strike occurs. If such an engagement exists , let V be
the set of every enemy unit in the engagement , identified by
unit number. If the enemy units are the defenders in the
engagement , and if at least one of them is in a hold posture ,
then delete from V every unit in a disengagement posture .

On the other hand , suppose the strike role is interdiction .
Let k be the smallest integer such that asprty(k) equals the
posture class of some active enemy unit located in the target
cell. Thus, asprty(k) is the highest priority posture class
that appears among enemy units in the target cell. Let pc =

asprty(k). Define V as the set of every active enemy unit ,
identified by unit number , whose location is the target cell
and pasture class Is pc . These units are the targets of

6—1
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the strike . Behind this definition of V is an implicit assump-
tion that the strike aircraft can ènly distinguish enemy units
from each other by location (cell) and posture class.

Let

nw nagwep(s).

For every 1 ~ 1w ~ nw , the amount of type 1w air-to-groundweapons In the strike is

agwep(lw) = agload(i,iw ,s) *

where n = nactyp(s) . Let v = 3 — s. (Side v is the enemy of
side s.) For 1 

~~
. j ~ nmat(v), the amount of type j materiel

in the target battle units is

grdr~ (j) = [resources](1 ,j).
1eV

Let env be the environment type of the target cell: if the
target cell is cell 1,

env = [environment](i).

Choose an air—to—ground weapon type , 1w; 1 ~ 1w ~ nw. For every
1 ~ 

j ~ nmat(v), define

aagatk(iw,j,s) if the strike role is CAS
and side s is the engagement
attacker,

czagdef(iw,j,s) if the strike role is CAS
and side s is the engagement

aag(j) defender,

aagred(lw ,j,pc) if the strike role Is
interdiction and s = 1

aagblu (iw,j ,pc) if the strike role is
interdiction and s = 2

(Recall that pc is the posture class of the target battle
units , assuming the strike role Is Interdiction.) For
1 < j < nmat(j), the fraction of fire of type 1w weapons
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allocated to the target units ’ type j materiel Is computed as

• al ha(j) = 
aag(j) * (~rdrs(j) I atdtgtC~,v))• p 

~~ aag(1) * (grdrs~ i) / atdtgt(1 ,v))

This method of allocating fire Is analogous to the method used
in ground combat.

Choose Ibu c V and 1 ~ 
j ~ nmat(v). The goal is to determine

the potential destruction of type j materiel in unit Ibu by the
type 1w weapons in the strike , denoted K(iw ,j,ibu). In parallel
with the ground combat attrition procedure , this quantity Is
found by taking a basic kill ‘ate and applying factors that each
adjust either the shooting weapon ’s lethality or the target
materiel’s vulnerability. The basic kill rate depends upon the
game design datum kag (lw ,j, s) and the allocation of fire. The
adjustment factors depend upon the posture class of unit ibu——
denoted by pc——and the target cell environment . By definition ,

K(Iw,j,ibu ) = kag (iw ,j, s) * fcagrp(iw ,s,pc ) * fcagcp(j,v,pc)
* fcagre(iw ,s,env ) * fcagce(j ,v,env)
* Q,

where Q Is the amount of fire from type 1w weapons allocated to
type j materiel In unit ibu :

Q = (alPha(i) * ([resources](Ibu ,j) / ~rdrs(i))) * agwep(iw).

The total potential loss of type j materiel by all the
target units is

~ 
K(iw,j,i)

If the strike role Is CAS and j ~ ngg wep(v), this quantity is
recorded in the array casfx for later use by the combat procedure .

Choose ibu £ V and 1 ~ 
j ~ nmat(v). The actual loss of type

j materiel by unit ibu is computed as follows . Initially, set
i w = l .  Let

L = mm {K(iw ,j,ibu), [resources](Ibu,j)J,

and reduce the unit ’s stocks of type j materiel by that quantity:

[resources](ibu,j).—[resources](Ibu ,j) — L.
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This loss of type j materiel implies a loss of personnel. If
unit ibu is Red , then for each 1 ~ k ~ nper8 (l), the number oftype k personnel In the unit is reduced by the quantity

mm {dgpred(k ,iw ,J) * L, [resourcesJ (ibu ,nmat (l)+ic)}.

If unit ibu Is Blue , then for each 1 ~ k < np era (2), the number
of type k personnel in the unit is reduced by the quantity

mm {dgpblu(k ,Iw,j) * L, [resources](ibu ,nmat (2)+k)}.

If 1w < nw, 1w is incremented by 1 and the process (starting
• with the definition of L) is repeated. The preceding Is an
• efficient way of computing the attrition, but leads to an

unfortunate anomaly : the way the air—to-ground weapons are
• ordered can affect personnel losses. The anomaly arises only

when the battle unit has some type j materiel but so little
that

K(iw,j,Ibu) > [resources](ibu ,j)

(before [resources](ibu ,j) is reduced). Losses of materiel
are never affected by the ordering of air—to—ground weapons .
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7. SUPPLIES CONSUMPTION

Every unit ’s consumption of supplies is assessed at the
end of each frame, Immediately after all engagements are
evaluated and the resulting attrition Is assessed . An Inactive
unit (one In posture class —l or 0) consumes no supplies ; there-
fore, the rest of this section applies only to active units.

• Let s = 1 or s 2. If fl88(s) = 0——side s supplies are
not played——then nothing is done. Otherwise, consumption of
supplies by side s battle units in a given frame is determined
as follows:

Let unit ibu be a side s battle unit . Let 1 < k < nss(s).
Denote the unit ’s demand for type k supplies by D(ibu,k).
Suppose the unit is not engaged or it is a passenger in a stacked
task force. In the latter ãase, let pc = 1; otherwise let pc
be its posture class. If s = 1, D(ibu ,k) is defined by

nr s ( 1)
D(ibu,k) = tfram e * ssvncr(k ,Irs,pc) * [resources](ibu,Irs).

irs=l

I f s = 2

nrs( 2)
D(Ibu,k) = tfrarne * ssvncb (k,lrs ,pc) * [resources](Ibu,irs).

irs=l

t Thus, every resource demands supplies according to its unit ’s
pos ture c lass , and the unit ’s demand is the sum of its resources ’
demands. Alternatively, suppose unit Ibu is engaged and Is not
a passenger in a stacked task force. Let pp be its posture, and
let

pp — 19; pp > ~40p =
pp - 9; pp < L b .

Let

index mapps(s ,p).
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For every 1 ~ irs ~ nrs(s), let

lambda(lrs) = frinv(irs ,ibu),

the fraction of the unit’s resources of type irs that are actively
involved in combat . Then

nrs(s)
• D(ibu,k) = ~~ tframe * savact(k ,irs ,index )

irs=l

* (lambda (irs ) * [resources](ibu ,irs))

n (s)
+ tframe * o8vres(k ,irs ,index)

• irs l

* (1 — lambda(Irs)) * [resources](ibu ,irs) .

• Because the rate of supplies consumption might depend strongly on
the attack or defense posture , the game design variables asvact
and ssvres can distinguish different attack or defense postures .
The variable mapps , which induces the third subscript of sBvact
and ssvres , can be used to consolidate attack postures (~40—49)or defense postures (10—29), thereby reduc ing the storage require-
ments of ssvact and ssvres .

The preceding defines any battle unit’s demands for
supplies . Again choose a side s battle unit , unit ibu. Suppose
it does not belong to a task force. Let 1 ~ k ~ nss (s). The
unit’s present stock of type k supplies , stk , is given by

stk = [resources](ibu ,nequlp (s )+k ) .

The quantity of type k supplies it consumes is computed as

C = mm {D(ibu ,k), stk}

(It cannot consume more than it has) ,  and therefore its stock
of type k supplies at the end of the frame Is r~defined asfollows :

[resources] (ibu ,nequip(s)+k) ~~~stk — C.

Alternatively , suppose unit ibu is an element of a task
force (possibly the only element). Let TF be the set of every
unit in the task force , identified by unit number. Choose
1 ~~ k < n8s(s). The goal is to determine how much of the type
k supplies held by unit ibu are consumed in the frame . The task
force ’s total demand for type k supplies is
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dd = ~~~~ D(i,k).
Ic TF

Its total stock of type k supplies is

stk = [resources](i ,nequip(s)+k).
Ic TF

The amount of type k supplies consumed by the task force is
computed as

C = mm {dd, stk}.

Each element of the task force is assessed the same fraction of
its stock of type k supplies:

[resources](i,nequip(s)+k)

stk — C
stk * [resources](i ,nequip(s)+k)

for every I c TF and, In particular , for i = ibu. Thus ,
the elements of a task force share their supplies.

After assessing supplies consumption by a task force in
a movement posture , IDAHEX ascertains whether the task force has
exhausted its supplies of any bype (assuming n ss (s )  > 0). If

P so , the task force might lack supplies It needs in order to move
and should not be allowed to change location . IDAHEX finds what
its movement delay would be if It were just starting its move-
ment , in its present posture . If that delay equals or exceeds
l0**9, the task force ’s mission is changed to a single order
spec ifying 10 as the desired posture and its present location

P as the desired objectIve——which causes the task force to abort
its movement and attempt to revert to a hold posture in its
present locat ion .

I
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8. COMMUNICATING WITH THE IDAHEX COMPUTER PROGRAM

IDAHEX uses the following files:

filelO — Red player input
filell - Red player output
file20 - Blue player input
file2l — Blue player output
file50 — game design (input) data
file5l — game designer ’s output file
file60 — game design (input ) data

The program references a file by using its number——lO , 11 , 20,
21, 50, 51, or 60——as the data set reference number in a FORTRAN
formatted read or write statement or by using its name (filelO ,
filell , etc.) as the file name in a FL/I get or put statement .

File 50 contains all the game design data except t’~e values
of envmap, rternap, and barrnap . File 60 contains the data that
define envmap, rtemap, and barmap in each cycle. The format and
sequence of the data in file 50 and file 60 are explained In
Section 9. File 51 contains IDAHEX ’s interpretation of the data
in file 50, and warning or error messages if IDAHEX questions
the correctness of the data. An error message indicates that
IDAHEX was unable to interpret the input data. It may continue
processing the game design data, but It will terminate execution
before the players can enter air strike specifications or commands.
A warning draws the game designer ’s attention to a possible error
In the design data; execution continues. If execution is allowed
to proceed and a game is played , file 51 also contains a history
of the game .

The game design datum nprint indicates the number of distinct
data sets that are being used. If np rint = 1, IDAFIEX expects
files 50, 10, and 20 to be associated with the same data set
(usually card reader input) and all the output files to be
associated with the same data set (usually high speed printer
output). If nprint = 2, IDAHEX expects file 50 to be associated
with a different data set than files 10 and 20, which it expects to
be associated with the same data set , and it expects file 51 to
be associated with a different data set than files 11 and 21,
which It expects to be associated with the same data set. If

• nprint = 3, IDAHEX expects every file to be associated with a

• 8— 1



different data set . No matter what the value of nprint , file
60 must be associated with a distinct data set for which the
rewind operation is permitted . Normally, nprint = 1 means that
IDAHEX is being used in a batch processing mode; nprint = 2
means it is being used interactively with one terminal, which
the players share; and nprint = 3 means it is being used with
two terminals , one for the Red player and one for the Blue
player.

By using the save command (see Volume 3, Sect ion LI), a
player can save the game situation in an unformatted , rewindable
file that he designates by number . At least one file should be
set aside for this purpose. It is wise to set aside more than
one because , if not , every save will necessarily overwrite the
previous one .

The file associations must be in effect when IDAHEX is
invoked . The following MULTICS commands illustrate how the
file associations ~re established when IDAHEX is to be played
from exactly one terminal (nprint = 1).

io attach filelO syn_ user_input
io attach filell syn_ user_output
io attach file2O syn_ user_input
io attach file2l syn user_output
lo attach file5O vfile Sinai dd
lo attach file6O vfile_ Sinai_terrain_maps
Ic attach file9O vfile Sinai dd unformatted
10 attach file9l vfile Sinai game.l
Ic attach file92 vfile Sinai game.2
Ic attach file93 vfile Sinai game.3
set_cc fileSl —on
set_cc filell —on
set_cc file2l —on
line_length 115

The files 90, 91, 92, and 93 identified above are intended as
places to save the game situation . The first character of every
line output to files 11, 21, and 51 is a carriage control char-
acter; hence , the files ’ carriage control attribute is set to “on” .

The IDAHEX main program Is named cgcm. Invoking it invokes
IDAHEX .

The game design variable iprint governs the output ’s level
of detail. If iprint �~ 1, file 51 will contain a completedescription of every significant change in a battle unit’s
status. If iprint ~ 5, the players will be informed of everysignificant change in a unit ’s status. If iprint .~~ 7, file 51
will contain a complete description of every change in a unit ’s

8—2
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status. File 51 will always contain a detaIled description
of every engagement. If iprint �~ 15, the players will receivethe same description . If iprint < 15, they will not be informed
of an engagement ’s average kill matrices (denoted A and D in
Sections 5.1.1 and 5.1.2). If iprint < 9, they will not be
informed of the values of the attackers ’ and defenders ’
weapons (Section 5.1.2). If iprint < 5, they will not be
informed of the losses in the engagement . A value of 9 is
generally best.

t

‘i

s
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9 . GAME DESIGN DATA INPUT

The game design data are read from files 50 and 60 In a
sequence of groups. Section 9.1 describes the groups of data
In the order In which they are read . The description of a group

• consists of: (1) a line listing the variables whose values the
group fixes and , on the right-hand-side , t he name of the IDAHEX
entry point that reads the group ; and (2) FORTRAN statements
indicating how the group is read and therefore the correct order
of the data within the group . The FORTRAN statements do not
corres pond exa ct ly to IDAHEX source code , and although generally
wr itten ac cor ding to MULTICS FORTRAN language conv ent ions , are
not necessarily valid source code for any compiler ; their sole
purpose is to explain how the contents of files 50 and 60 fix
the values of the game design variables. Contrary to FORTRAN
conven tion , the FORTRAN code in this section assumes that the
statements in a do loop are not executed even once if the lower
bound specified in the do statement exceeds the upper bound .

Section 9.2 contains a complete example of files 50 and 60
as a sequence of lines representing card images. The lines are
grouped to correspond to the data groups of Section 9.1. The
first line of each group ends with the code number used for the
group in Section 9.1 (the number at the start of the line naming
the game design variables and the entry point).

9 . 1  SEQUENCE AND FORMAT

Game design variables ’ names are not italicized In this
section . The only variables mentioned that are not game design
variables are do loop indices and the following: nnsyl (fixed by
cgcm); vtemp , wtemp , 1, j, k, side , itemp . name , jtemp , temp , old ,
kap (defined in cmbt0), kdp (defined in cmbt0), nequip, nmat , rirs.

In accordance with the rest of the manual , some variables ’
names contain two components——for example , frinv.f, fr inv.x ,
freff.f. Such a variable is referenced in only one subprogram;
it takes the first component of its name from the subprogram ’s
name . In the ac tua l IDAHEX sour ce program , the variable ’s name
is simply the second component of the two—component name used to
identify it in this manual.

9—1
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The following format statements are cited by many read
statements in this subsection :

2 forma t (8iio)
3 format (8f10.0)

9.1.1 File 50

1. iprint, nprtht cgcm

read(50,2) Ipririt , nprint

2. t lnit , tend, tframe, tcycle, tpd , delta timeo

read(50 ,3) t init , tend, tfranie, tcycle, tpd, delta

3. ncells, nrankl netO

read(50,2) r cells, nrankl

14~ ename0 netO

1 read(50,Lb ) i, ( naine(k), k = 1, nnsyl )
24 format (i5,5x,6a8)
if (i.le.0) go to 6
d o 5 k = l ,nnsyl

ename0(i,k) = rian~ (k)
5 continue

go to 1
6 continue

5. nenv netO

read(50,2) nenv

6. ename netO

~.1d o 5 i = l , nenv
read(50,Lb ) (ename(i,j), j = 1, rinsyl)

LI format (6a8)
5 continue
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7. [basic env ] net O

1 read(50,2) i, itemp
if (i.le.0) go to 5
[basic env](i) = itemp
go to 1

5 continue

8. rnameO net O

1 read(50,Lb ) I , (name(k), k = 1, rinsyl)
Lb format (i5,5x ,6a8 )
If (i.le.O) go to 6

• d o 5 k i,nnsyl
rname0(i ,k) = name(k)

5 continue
go to 1

6 continue

9. bname0 netO

1 read(50,Lb ) i, ( narne(k), k = 1, nnsyl)
14 format(i5,5x,6a8 )
if (i.le.0) go to 6

• d o 5 k l, nnsyl
bnarne0(i ,k) = name(k)

5 contInue
go to 1

6 continue

10. nrtety netO
1

read(50,2) nrtety

11. rname netO

do 5 1 = 1, nrtety
read(50,14) ( rnarne(i , j ) ,  j = 1, nnsyl )

L4 format (6a8 )
5 continue

• 1 .
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12. nbarty netO

read(50,2) nbarty

13. bname net0

do 5 1 = 1, nbarty
read(50,LI ) (bname(i , j ) ,  j  = 1, nnsyl )

Lb format (6a8)
• 5 continue

lLb . [basic rtetype ii, [basic bartype] netO

1 read(50,2) i, (~~emp(k), k = 1,3),
• (wtemp(k), k = 1,3)

if (i.le.0) go to 5
• d o L b k l,3

j = [successor](I,k)
if (j.le.0) go to LI
[basic rtetypej(i,j) = vtemp(k)
[basic bartype](i , j)  = wtemp(k)

24 continue
go to 1

5 continue

15. depth netO

read(50,3) depth

16. iblul, nsyl, nutype bu0

read(50,2) iblul, nsyl, nutype

17. npost buO

read(50,2) (npost(i), I = 1,14)

18. itrfp buO

read(50,2) itrfp

19. nggwep, ngawep, ntrpt, nss, npers bu0

do 5 i = 1,2
• 5 read(50,2) nggwep(I), ngawep(i),
• ntrpt(i), nss(i), npers(I)

~ 
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20. rsname bu0

• do 5k l,2
do 5 i = 1, nrs(k)

• read(50,Lb) (rsnan~(i,j,k) j = 1,2)
LI format (a5,lx,a5)
5 contInue

21. flag buO

read(50,2) (flag(i), I = 1, nutype)

22. nrst , iars bu0

• d o 5 i l, nutype
5 read(50,2) nrst(I), (iars(j,i), j = 1, nrst(i))

• 23. toe bu0

do 5 1 = 1, nutype
5 read(50,3) (toe(i,j), j = 1, nrs(flag(i)))

214 . aisize buO

do 5 1 1, nutype
5 read(50,3) (aisize(i,j), j = 1,24)

25. buname , butype, buloc, bupost, tentry, [resources] buO

1 read(50,LI) i, (vtemp (j ) ,  j  = 1, nsyl)
Lb format (i5,5x ,7a8)
if (i.le.0) go to 10
do 5 j = 1, nsyl

buname(i , j)  = vt emp(j)
5 continue
read(50,6) butype(i), buloc(i), bupost(i), tentry( i)

6 format (3ilO ,flo.0)
read(50,3) ([resources](i,j), j  = 1, nrs(flag(butype(i))))
go to 1

10 continue

26. [owner] bu0

read (50 ,2)  border , side
do 51 l, bor~er[owner](i) = side

9,-S
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5 continue
side = 3 — side

• do 6 1 = border + 1, ricells
[owner](i) = side

6 cont inue
7 read(50,2) I , i~empif (i.le.0) go t’ 8
[owner](i) itemp
go to 7

8 continue

27. pmapup, pmapdn ~aItO

• do 5 I = 1 0 , 19
• pmapup(i) = 20
= 5 pmapdn(i) = —10

d o 6 i = 2 0 , 29
• pmapup(i) = 30
• 6 pmapdn(i) = 14Q

do 7 1 = 30, 39
• pmapup(i) = ~4O
• 7 pmapdn(i) = 140

do 8 i = ItO , 149
pmapup(i) = 10

• 8 pmapdn(i) = 140
10 read(50,2) I, itemp, jtemp

if (i.le.0) go to 11
pmapup(i) = itemp
pmapdn(i) = j temp
go to 10

11 continue

28. ptran waitO

d o 5i l, 14
do 5 j  = 1, npost(i)

5 read(50,3) (ptran(i,j,k), k = 9, npost(i))

29. diseng waltO

do 5 1 =  1, nutype
5 read(50,3) (dlseng(i,j), j = 1,2)

30. airnxwe waitO

r~ad(50,Lb ) (alnnove(i), i 1, npost(3))
24 format (&flO)

31. rnralr waitO

~~ad(50,3) (~~afr(i) , I = 1, nut~~e)
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32. bdelay, na’ waitO

do 5 1 = 1, nutype
do 5 j = 1, npost(3)

read(50,3) (bdelay(i ,j , k),  k = 1, nbarty)
read(50,3) (mr (i,j,k), k = 1, nrtety)

5 contInue

33. trnreq , trncap , ssreqm waltO

do 10 k = 1, 2
read(50,3) (trnreq(1), I = 1, nrs(k))
read(50,3) (trncap(1) , 1 = 1, nrs(k))
do 8 j = 1, nrs(k)

8 read(50,3) (ssreqm(i,j,k) ,  1 1, nss(k) )
10 continue

314. trptcl waitO

read(50,2) (trptcl(i), I = 1, nutype )

35. loadcl waitO

do 5j l, 2
5 read(5O,2) (loadcl(i ,j) ,  I = 1, rir s( j ) )

36. nlc , ldsize , ldcap waitO

do 10 k =  1,2
read(50,2) fleCk)
do 8 1 = l,nrs(k)

8 read(50,3) (ldsize(i,j,k), j 1, nlc( k))
read(50,3) (ldcap(i ,k), I = 1, nrs(k) )

F 10 continue

37. fThr .fO , ftnr.f , ftir.x f’mrO

do 51 1, nutype
5 read(50,3) fmr.fO(i), (fmr.f(i,j), j  = 1,6)
read(50,3) temp, (Th~r.x(j), j = 1,6)

38. ssvncr ssuse0

d o 5 i l,nss(1)
do5j = 1 , nrs( 1)

5 read(50,3) (ssvncr(1,j,k) ,  k 1,3)

1NILL.. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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39. ssvricb ssuseO

do 5 1 = 1, nss(2)
do 5 j = 1, nrs(2)

5 read(50,3) (ssvncb(i,j,k), k = 1,3)

140. mapps, ssvact , ssvres ssuseO

do 10 side = 1,2
1 read(5O,2) 1, k

if (i.le.O) go to 10
mapps(side,[kpost](i)) = k
read(50,k) old

LI foni~ t (~ lO)
if (old ) go to 1
do 6 i = 1, nss(side)

• read(50,3) (ssvact(i,j,k), j = 1, nrs(side))
read(5O,3) (ssvres(i,j,k), j = 1, nrs(slde))

6 continue
go to 1

10 continue

141. poff cmbtO

• k 0
do5 i lO, 9+npo st(l)

k k + l
poff(I) = k

5 continue
do6i 20, 19 + n post ( 2)

k k + l
poff(i) = k

6 continue
do 7 1 140,39+n pOst(LI)

k k + 1
pof f( i )  = k

7 continue
do 8 1 = 10 + npost(l), 19

8 poff(i) = poff(l0)
d o 9 i 2 O + n p o s t ( 2 ) , 29

• 9 poff(i) = poff(20)
do lO i L I O + n p o st( 14), 149

10 poff( 1) = p off (LI O)
11 read(50,2) 1, k

if (i.le.O) go to 12
if (i.le.29) poff(I) = max(k,poff(10))
if (I.ge.140) poff(i) = max(k,poff(LIO))
go to 11

12 continue

• 9—8



24 2. stdtgt cxthtO

do 5 j  = 1, 2
5 read(50,3) (stdtgt(i,j) , I = 1, nrs(j))

143. a~~~tk c~~tO

d o 5 k = l , 2
• d o 5 i = l ,nggwep(k)
• 

• 5 read(50,3) (aggatk(i,j,k) ,  j  = 1, nmat(3—k))

1414~ aggdef cmbt O

d o 5 k = l , 2
d o 5 i = 1 ,nggwep(k)

5 read(50,3) (agg~ef(I ,j,k), j = 1, nmat (3—k ))

145. katk cmbtO

do 5 k = 1, 2
do 5 = 1, nggwep(k)

5 read(50,3) (katk(i,j,k), j = 1, r imat(3—k) )

116. kdef cmbt0

do 5 k = 1, 2,
• d o 5 i = l ,nggwep(k)

5 read(5O ,3) (kdef(i,j,k), j  = 1, nmat(3—k))

117. fckar crnbtO

kap = 0
do 5 i = 140, 149

5 kap = max (poff(i) ,  kap)
do 6 j  = 1, 2

do 6 1 = 1, nggwep(j )
6 read(50,3) (fckar( i,j,k), k = 1, kap)

248. fckdr cmbtO

kdp = 0
do 5 1= 10, 29

5 kdp = max(pof f( i) ,  kdp)
d o 6 j = 1 , 2

do6 l l,nggwep(j)
6 read(50,3) (fckdr(i , j, k ) ,  k = 1, kdp )
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119. fckac cn~t0

do s j = 1 , 2• do S i = 1 , nmat(j )
• 5 read(50,3) (f ckac(i ,j,k) ,  k = 1, kdp )

50. fckdc cn~t0

• d o 5 j = 1 , 2
do 5 i = 1, nmat(j )

5 read(50,3) (fckdc(I,j,k), k = 1, kap)

51. fckare cnbto

do 5 j = 1, 2
d o 5 i = l ,nggwep(j)

5 read(50,3) (fckare (i,j,k), k = 1, nenv )

52. fckdre cnttO

do 5 j  = 1, 2
d o 5 i = 1 , nggwep(j)

5 read(50,3) (fckdre(i ,j,k), k = 1, nenv )

53. fckace cnbtO

• d o 5 j = 1 , 2
do 5 1 = 1, r imat(j)

5 read(50,3) (fckace(i,j,k), k = 1, nenv)

514. fckdce cnttO

do 5 j = 1, 2
do 5 1 = 1, nmat(j )

5 read(50,3) (fckdce(i,j,k), k = 1, nenv)

55. barier cmbtO

• d o 5 j = 1 , 2
do 5 i = 1, nggwep(j)

5 read(50,3) (barler(i,j,k), k = 1, nbarty)

9— 10
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56. dpersr cnt to

do 5 1 = 1, npers( 1)
do 5 j  = 1, nggwep(2)

5 read(50,3) (dpersr(i ,j,k) ,  k = 1, nmat( 1))

57. dpersb cn~tO

do 5 1 = 1, npers (2)
do 5 j = 1, riggwep(l)

5 read(50,3) (dpersb(i,j,k), k = 1, rimat(2))

58. td cmbtO
read(50,3) (td ( i ) ,  I = 1, nenv )

59. febab cmbtO

read(50 ,3) (f ebab(i), I = 1, nbarty)

60. febad cn~tO

read(50,3) febad

61. vanish cnibtO

read(50,3) (vanish(i), i = 1, nutype)

62. frdval .f0atk , frdval.fatk frdvO

do 5 1 = 140 , 39+npost(LI)
5 read(50,3) frdval.fOatk(poff(i)),

(frdval.fatk(poff(I),j), j = 1,7)

63. frdval .f0def , frdval.fdef f’rdvO

do 5 i = 10, 9+npost (1)
5 read(50,3) frdval.fOdef(poff(i)),

(frdval.fdef(poff (1),j), j = 1,7)
do 6 1 = 20, l9+npost (2)

6 read(50,3) frdval.fOdef(poff(I)),
(frdval.fdef(poff(i),j), j = 1,7)

9—11
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614 . frdval.x frdvO

read(50,3) ( frdval.x(i), I = 1,7)
14 format (lOx , 7110.0)

65. vfeba.fO, vfeba.f vfeba0

vfeba.npa = 6
1 read(50,2) 1, j• if (i.le .0) go to 5
read(5O,3) vfeba.fO(poff(i), poff( j ) ) ,

(vfeba.f(poff(1),poff(j),k), k = 1,7)
• goto l
• 5 read(50,2) I, j

if (i.le.O) go to 6
read(50,3) vfeba.fO(vfeba.npa+poff(i), poff(j)),

( vfeba. f(vfeba. npa+poff( I), poff( j  ) , k), k = 1,7)
go to 5

6 continue

66. vfeba.fr vfeba0

read(50,11) (vfeba.fr(i), I = 1,7)
14 format (lOx , 7110.0)

67. ppoh frinvO

do 5j = 1 , nutype
5 read(50,3) (ppoh(i ,j), I = 1, npers(flag(j)))

68. spdd fr mnvO

do 5j = 1, nrs(l)
5 read(50,3) (spdd(i ,j), I = 1, nsp(i))

69. frinv.fO, frinv.f frinvO

d o 5 j = 1 ,nmat(l)
do 5 1 = 1, nsp(1)

5 read(50,3) frinv.fO(i,j)
(frlnv.f(i,j,k), k = 1,6)

9—1 2
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70. frmnv.x(1,*) frin vO

read(50,4) ( frinv .x(l ,i) ,  I = 1,6)
14 format (lOx , 7f10.0)

71. spdd frinvO

do 5 j = 1, nrs(2)
5 read(50,3) (spdd(i,nrs(1)+j), I = 1, nsp(2))

72. frmnv. f 0, frlnv . f frlnvO

do 5 j = 1, nmat(2)
do 5 1 = 1, nsp(2)

5 read(5O,3) (frinv.fO(i,nrs( 1)+j)
(frinv.f(I,nrs(1)+i,k5, k = 1,6))

73. frmnv.x(2,*) frinvO

read(50,LI) (frinv.x(2,i), I = 1,6)
14 format (lOx , 7’flO .O)

714. pg(*,l),  prot(*,*,1) frmnvO

read(50,3) (pg(I,1), 1 = 1, nequip(l))
do 5 1 = 1, nequip (1)

5 read(50,3) (prot(i,j,1), j = 1, nggwep(l))

75. pg( *,2) ,  prot(*,*,2) frinvO

read(rO,3) (pg(i,2), i = 1, nequip(2))
do 5 1 = 1, nequip(2)

5 read(50,3) (prot(i,j,2), j = 1, nggwep(2 ))

76. freff.fO, freff.f, freff.x freffO

do~5 i = l , 2
read(50,3) freff.fO(i), (freff.f(i,j), j = 1,7)
read(50 ,It ) (f ’reff .x(i , j) , j  = 1,7)

14 format (lOx , 7flO.0)
5 continue
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77. prep.f, prep.X prepO

do 6 j  = 1, 2
do 5 i = 1, nmat(j )

5 read(5O ,3) (prep.f(i ,i,k) ,  k = 1,7)
continue

read(50 ,3) (prep.x(j, k) ,  k = 1,7)
6 continue

78. nactyp , nagwep afrO

do 5 i = 1, 2
5 read(50,2) nactyp(I), nagwep(i)

79. kag airO

do5 k l, 2
do 5 1 = 1, nagwep(k)

5 read(5O,3) (kag(i ,j,k) ,  j  = 1, nmat(3-k))

80. fcagrp airO

do 5 j = 1, 2
do 5 1 = 1, nagwep(j )

5 read(5O,3) ( fca~~p(i,j,k) , k = 1,14)

81. fcagcp airO

do 5 j = 1, 2
do 5 1 = 1, nmat(j )

5 read(5O,3) (fcagcp(i,j,k), k = 1,14)

82. fcagre afrO

do5j l, 2
d o 5 i l,nagWep(i)

5 read(50,3) (fcagre(i ,j, k) ,  k = 1, nenv)

83. fcagce airO

do Sj l, 2
d o 5 i = 1 ,nrflat(j)

5 read(50,3) (fcagce(i,j,k), k = 1, nenv )
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824 . dgpred afrO

do 5 k = 1, nmat(l)
do 5 1 = 1, npers(1)

5 read(5O ,3) (dgpred(I ,j,k) ,  j  = 1, nagwep(2))
p

85. d~~b1u afrO

doS k l, nmat(2)
do 5 1 = 1, npers( 2)

5 read(50,3) (dgpblu(I,j,k), j = 1, nagwep(l))

86. agload afrO

do 5 k = 1, 2
do 5 I 1, nactyp(k)

5 read(5O ,3) (agload(i ,j, k) ,  j  = 1, nagwep(k))

87. aagatk(*,*,l) afrO

do 5 i = 1, nagwep(1)
5 read(50,3) (aagatk(i,j,1), j  = 1, r im at(2) )

88. aagdef(*,*,1) afrO

do 5 1 = 1, nagwep(l)
5 read(50,3) (aa~ief(i,j,1), j  = 1, nmat(2))

89. aagatk(*,*,2) afrO

do 5 1 = 1, nagwep(2)
5 read(50 ,3) ( aagatk(i ,j , 2) ,  j  = 1, nmat(l))

90. aagdef(*,*,2) airO

do 5 1 = 1, nagwep(2)
5 read (50,3) (aa~~ef( i,j,2), j = 1, nmat( 1))

91. aagred airO

do 5 1 = 1, nagwep(1)
do 5 j = 1, nmat(2)

5 read(50,3) (aagred(i , j , k) ,  k = 1,3)

9— 15
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92. aagblu 
airO

do 5 1 = 1, nagwep(2)
do 5 j = 1, nmat( 1)

5 read(5O ,3) (aa~~1u(I ,j,k), k = 1,3)

93. haven. zoc, haven .pthome bavenO

read(50,LI) haven.ZOc,
(haven.pthome(i), I = 1,2)

LI format (tb , 2110)

9.1.2 File  60

The following data are read at the start of a cycle .

9 14. envmap 
cgcm

1 read(60 ,2 ,efld 5) 1, j
• if (i.l e .O) go to 5

envmap(I) = j
go to 1

5 continUe

95. rtemap 
waiti

1 read(60,2,end 5) 1, j
if (i.le.0) go to 5
rtemap(i) = j
go to 1

5 continue

96. ba~~~P 
waiti

1 read(60,2,efld 5) I, j
if (i.le.O) go to 5
barnEp(i) = j
go to 1

5 continue

9— 16
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Before the start  of a game , IDAHEX sets

envmap(1) I for every I
rtemap ( i ) I for ever y I
barmap ( i ) = I for ever y I ,

before any dat a redef in ing them are read . At the start of each
cycle , including the first , it reads file 60 for redefinitions
of envma p , rtemap , and barmap as described above .

9 . 2  S A M P L E  DATA

This subsection illustrates a complete set of game design
data. Each line, except for identification codes at the end ,
represents an 80—column card image .

• 9 . 2 . 1  F i l e  50

9— 17
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3 , 04 ’ 1 ,4)~ . 50
1 ,430 1 .4 5 40 3 ,3 0
1 ,04’ 3 ,4)8” 3 , 14’
1. 040 1 ,4)0 ,Q44

1 ,~~O 3 ,00 ,90 ,75
1 ,0 4) 1 ,04) ,60 , ‘)
1, 04’ 1 ,4)0 .85

• 1, 00 1 ,4)~ •70 .55
3 ,00 3 .04 ’  .4*5 . 15
1 , 04’ 3 ,00 3 , 041 ,90
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BEST AVAILABLE COPY

1 ,4043 3 ,00 ,140
• 3 , 014 1.00 ,65

1.00 1,0 0 ,9’j 35
1,41 0 3 ,410 ,l 0  .35
33,0 15 • 0 84*
?,S 2 , 4. 3 , 0
48 ,0 48,0 3 ,0
la ,5 41,0
44 ,5

• 1 ,44 1,0 3,0
.01 •411

• 4’1 ,01
11 .0

• ~4 , 0
41 , 0

• 9.4’
1 ,?
.01
•401
6,7 66
.90 1,04’

• , 3 4  .“ 5
.12 ,25 ,15
~~~~ ,05 • 75 . 3 4 ’  ,10 403 1)3

,30 4’ ,29 ,18 ” ,10 .01 ,01 89
.1 1. ,4 )44 ,7O ,04 * , 403  . 05 .4 4 1  ,0t 89
. 39  ,04 .~~ ~~~~~ ,03 ,03

.38 • 30 ,740 ,?(‘ ,4 ’ ? ,34 ( ,05 .05

.36 ,044 •o5 .“ ‘~ ,03 .10 ,01 ,l1j 140
,34. •I448 ,70 ,(8’* , fl3 , 3 / )  ,O)  .03
. 16  ,t40 ,24) ,740 ,4)? ,10 ,05

,35 ,b8” ,?0 91
.445 ,4 )5

,2 4 0

,IS ,31 ,20
.35 .1” ,25
.140 ,01 .405

‘ OS
. 4’ ,?5 142
,fl1 .01

.75 , 70 .25
.03

,405 ,03 ,?fl
.05 .05 .7”
.01 , 0 3 • 01
,f l t  .411 ,801
.15 ,25
.0 3  ,03  ,01
.70 .4.5 .2”
,1fl ,4 ’ 3
.05 • 0 !  .70

.20
,03 , c1  • 01
.0 3  , ‘4 3 .0 3
.20 ,lS . 10
,05 .15 .40 5
.20 ,15 .3”
.25 , 78” , 10
.20 . 4’? • 1 4 0
.30 ,I4’ ,3’)
. 4 1’ ,145 ,I5
.10 ,44S .35

f 1 5 ‘F;
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10. GLOSSARY

This section contains an alphabetical glossary of
variables and functions mentioned in this volume . For each
variable such that array dimensions or cons is tency of the

• game design data implies a finite upper or lower bound on
the var iab le ’s value , that bound is given; “UB ” and “LB” are
abbreviations of “upper bound ” and “lower bound ” .
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Name Description Type

aagatk( i ,j,k) fract ion of fire of side k air—to— real
ground weapon of type I al located
to enemy materiel of type j when
enemy materiel belongs to engaged
battle unit In attack posture
LB 0

aagblu(I ,j,k) fraction of fire of Blue air—to — real
ground weapons of type i all ocated
to enemy materiel of type j when
enemy materiel belongs to unengaged
battle unit in posture class k
L B = 0

aagdef (i ,j,k) fr action of fire of side k air—to— real
ground weapons of type i all ocated
to enemy materiel of type j when
enemy materiel belongs to engaged
battle unit In hold or disengagement
posture
LB = 0

aagred(i ,j,k) fraction of fire of Red air—to— real
ground weapons of type i a llocated
to enemy materiel of type j when
enemy materi el belongs to unengaged
battle unit in posture class k
LB = 0

aggatk(i ,j,k) fraction of fire of side k ground— real
to—ground weapons of type I allo-
cated to enemy materiel of type j
if side k is engagement atta cker

agg def (i,j, k) fraction of fire of side k ground— real
to—ground weapons of type I allo-
cated to enemy materiel of type j
If side k Is engagement defender

agload(i ,j, k) notional load of side k air—to— real
I’ ground weapons of type j on side

k aircraft of type I
LB = 0

airmove (i) true if I— th movement posture logica l
implies air movement; false if
not

10—2
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Name Desc riptIon Ty p e

a ’vsize(ij) area of area of responsibility real
of a unit of typ e I in posture
class j if Its resources co incide
with toe (I ,*)
LB = 0

barier(i ,j,k) factor applied to katk(i ,* ,j) if real
wea pon i belongs to battle unit

• a ttacking across barrier of type k
and engagement feba ~~. febab(k)fdepth
LB = 0

barmap(i) barri er type if basic barrier integer
type is i
LB = 0, UB = nbar ty

[ba rtype](i ,j) type of barrier between cell i integer
and cell j (0 signifies no bar-
rier); undefined unless cells
are adjacent
LB = 0, UB = nbarty

[baaic _bartype](i,j) b asic type of barrier between integer
• cell I and cell j (0 signifies

no barrier); undefined unless
cells are adjacent
LB = 1, IJB = nbarraw

[basic _env](I) b a s i c  environment in cell I integer
UB = nenvraw

[baaic_rtetype](i ,j) basic type of route between inte ger
cell i and cell j; undefined
unless cells are adjacent
LB = 1 , UB = nrteraw

bdelay(i ,j, k) barrier delay for a unit of real
type i in j—th movement posture
crossing a barrIer of type k

• L B = O

bname(i ,*) description of barrier type I character

bnameO (i ,*) descriptIon of basIc barrier character
type I

bu loc(i) location of unit i integer

buloc( I) location of unIt I (a cell intege r
number) at t t in i t
LB = 1, UB = n e e ll s

bunaine (i,*) name of unit i character

10—3
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Name Des cription Type

bupost(i) posture of unit I integer

• bupoet(i) posture of unit i at t = tinit integer
LB = 0 , UB = 19

• butype(i) type of unit I Integer
LB = 1, IJB nutype

de lta length of tIme a unit must be real
in movement posture before
arrival of enemy unit at its
location (point of origin)
to avoid reversion to disengage-
ment posture
L B = 0

depth distance from center of any cell real
• to center of adjacent cell

L B > 0

dgpblu(i ,j , k) loss of Blue personnel of type I real
associated with destruction of
unit—quantity of Blue materiel
of type k by Red air—to—ground
w e a p o n s  of t yp e  j
L B = 0

dgpred(i ,j, k) loss of Red personnel of type i real
associated with destruction of
a unit—quantity of Red materiel
of type k by Blue air—to—ground
weapons of type j
L B = 0

diseng (I,l)  minimum time required for a type real
i unit to disengage
L B = 0

diaeng(i ,2) factor applied to movement delay real
to determine additional dis—
engagement delay Imposed on type
I unit disengaging without a
rearguard
L B = 0

dper8b(i ,j,k) loss of Blue person nel of type i real
associated with destruction of a
unit — q u a n t i t y  of Blue materiel

1 0— ~4
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Name Description Type

of type k by Red ground—to—
ground weapons on type j
L B = O

dperar(i ,j,k) loss of Red personnel of type i real
associa ted with destructIon of
a unit—quantity of Red materiel
of type k by Blue ground—to—
ground weapons of type j
LB 0

ename(i ,*) description of environment type I character

enameO(i ,*) description of basic environ— character
ment type i

• [environment ](i) type of environment In cell I integer
LB = 1, UB = nenv

envmap(I) environment type if basic environ— integer
ment type is i
LB = 1 , UB = nenv

fcagce(i ,j,k) factor applied to kag(* ,i ,3—j ) real
if target b a t t l e  unit is in
environment k
LB = 0

fcagcp (i ,j,k) factor applied to kag (* ,i ,3—j ) real
if target battle unit is in
posture class k
LB = 0

fcagre(i,j,k) factor applied to kag(i ,*,j) real
if target battle unit is in
environment k
LB = 0

fcagrp (I,j,k) factor applied to kag(i ,*,j) real
if target battle unit is in
posture class k
LB = 0

• fekac(i ,j,k) factor app lied to katk(* ,i ,3—j ) real
if materiel belongs to battle
unit in posture p (10 < p <

k = po ff (p)
LB = 0

[fckac ] (i ,j, k) factor applied to katk(* ,i ,3—j ) real
if materiel belongs to batt l e
unit in posture k; it equals
fckac (i,j ,poff(k))
LB = 0

10-5
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• Name Desc ription Type

fckace(i,j,k) factor applied to katk(* ,i ,3— j) real
if environment in engagement

• cell is type k
LB = 0

fckar(i ,j, k) factor applied to katk(i ,* , j ) re a l
if weapon belongs to batt le
unit in posture p (40 < p < 49);
k = po ff (p)
L B = 0

[fckar](i ,j,k) factor applied to katk(i ,*,j) real
if weapon belongs to battle
unit in posture k; it equals
fckar( i ,j ,poff(k))
L B = 0

fckare(i ,j, k) factor applied to katk(i ,*,j) real
if envIronment in engagement
cell is type k
L B = 0

fckdc(i ,j,k) factor applied to kdef( * ,i ,3—j ) real
if materiel belongs to battle
unit in posture p (10 < p < 29);
k = po ff (p)
LB = 0

[f ckdc](i ,j,k) factor applied to kdef( * ,i ,3-j ) real
if materiel belongs to battle
unit in posture k; it equ als
fckdc(i ,j ,po ff(k))
L B = 0

fckdce (i,j, k) factor applied to kdef( * ,i ,3—j) real
If environment In engagement
cell is type k
L B = 0

fckdr(i ,j,k) factor app lied to kdef( i ,*,j) real
if weapon belongs to b a t t l e
unit in posture p (10 ~ p < 29);
k poff (p)
LB = 0

[fckdr](i ,j,k) factor applied to kdef(i ,*,j) real
if weapon belongs to battle

4 unit in posture k; it equals
- • fckdr(i ,j,poff(k))

• L B = 0
i o 6
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Name Descr iption Type

fckdre(i ,j,k) fac tor app lied to kd ef(i,*,j) real
if environment in engagement
cell Is type k
LB = 0

febab(i) depth of attacker penetration real
of defender ’s cell at which
effect of type i barrier cease s
LB = 0, UB depth

febad degree of attacker penetration real
• of de fender ’s cell at which

defenders must disengage and
retreat to another cell
LB = 0, U B < l

flag(i) side to which unit of type i integer
belongs

Cfloor](a) largest integer < a integer

fmr.f(i,j) factor applied to movement rate real
of type I unit when its ratio
of transport capacity to
transport demand is fmr .x(j)
LB = 0

fmr.fO (I) facto r applied to movement rate real
of type I unit when its ratio
of transport capacity to
transport demand is 0
L B = 0

fmr.x(j) ordinate corresponding to real
fmr .f (i,j) for any I
LB = 0

frdv al.fatk(i ,j) fraction of value lost by attacker real
in 1 unit of time when attacker—to—
defender force ratio is frdval.x(j)
and attacker is in posture p;
i = p off (p)
LB = 0, UB = 1

frdv al.fdef (i,j) fraction of value lost by defender real
in 1 unit of time when attacker—
to—defender force ratio is

• 

. 
frdval.x(j) and defender is In
posture p; I = p of f ( p )
L B = 0, U B = l

10— 7



Name Description Type

frdval.fOatk(i) fraction of value lost by attacker real
in 1 unit of time when attacker—
to—defender force ratio Is 0 and
attacker is in posture p;
I = po f f(p )
LB = 0, UB = 1

frdval .fOdef (i) fraction of value lost by real
defender in 1 unit of time when
attacker—to—defender force ratio
is 0 and defender is In posture
p; I = p off (p)
LB = 0

frdval.x(i) ordinate c o r r e s p o n d i n g  to real
frdval .fatk(j ,i) and
frdv al.fdef (j, i) for any j
LB = 0

freff.f(I,j) fractional effectiveness in combat real
of one or more side i battle units
located in same cell if total area
of their areas of responsibility
divided by area of cell equals
fr ef f. x ( i , j )
L B = 0

freff .fO (i) fractional effectiveness in combat real
of one or more side i battle units
located in same cell if total area
of their zone of responsibility Is 0
LB = 0

freff.x(i ,j) ord i n a t e  corresponding to real

freff.f(i,j)
LB = 0

frinv.f(i,j,k) fraction of type r resources avail— real
able for combat In side s battle
unit if available quantity of
type i support resources divided
by demand for type i support -

•

resources equals frinv.x(s ,k);
j = r if s = 1 , j = nrs(l)+r If
s = 2
L B = 0

10— 8
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Name Description Type

frinv.fO(i ,j) fraction of type r resources real
available for combat in side s
battle unit if available
quantity of type I support
resources divided by demand for
type i support resources equals
0; j = r if s = 1 , j = nrs (1)+r
if s = 2
LB = 0

frinv.x(i ,j) ordinate corresponding to real
frlnv .f(k ,L ,j) for any (k,fl
associated with side i
LB = 0

haven .pthor ne(I) preferred direction of retreat integer
for side i
LB = l, U B = 6

haven .zoc  truth value of “attacker s zone logical
of control extends into adjacent
cells ”

iara(i ,j) absolute index of i— th resource integer
on list of resources in a unit
of type j
LB 0, UB = nrs(flag(j))

ib lu l index number of lowest—numbered integer
Blue unit
LB 2 , UB = nbumax

iprint  level of detail in terminal integer
output
L B = 0

itrfp index of transfer posture integer
(10 < I < 19)
LB = 10 , UB = 10 + n p o st ( l )

kag(i ,j , k) amount of enemy materiel of type real
j destroyed b y a single side k
air—to—ground weapon of type I
if all of the air—to—ground
weapon ’s fire is allocated to
enemy materiel of type j
L B O

kap max [poff(i); 40 < I < 49] integer

10—9
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Name Description Type )

katk(i ,j, k) amount of enemy materiel of real
type j destroyed in 1 unit
of time by a single side k
ground-to—ground weapon of
type I if the weapon allo-
cates all its fire to enemy
materiel of type j; side k
is the attacker in the
engagement
LB = 0

katk(i ,j, k) t f r ame  * katk(i ,j, k) real

kdef (i ,j , k) amount of enemy materiel of real
type I destroyed in 1 unit
of time by a single side k
ground--to—ground weapon of
type I if the weapon allo-
cates all its fire to enemy
materIel of type j; side k
is the defender in the
engagement
L B = 0

kd ef(i ,j,k) tframe * k d ef ( i , j , k) real

kdp max [poff(i); 10 ~ I < 29] in teger

[kpost] (p) p — 9 if p < 40 , p — 19 integer
if p > 40

l d c a p ( i ,j) load capacity of resource real
of type I belong ing to side j
L B = 0

Zc’size (i,j,k) load size of a single side k real
resource of type i relative
to load class j
LB = 0

loadc~l (i ,j) load class of a resource of integer
type i belong ing to side j
LB = 0, UB = nlcmax

mappe (i,j) pointer used to reference data integer
on supplies consumption in
engaged side I battle  unit in
posture p, where j  = [kpost](p)

b --b
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Name DescrIption Type

(see aevact and asvrea)
LB = 1, UB = ssuse .npsmax

mr’(i,j,k) movement rate of a unit of real
type I in j—th movement
posture along a route type k
LB = 0

m r a i r (i )  air movement rate of unit of real
type I
LB = 0

nactyp(i) number of side i aircraft types integer
LB = 0, UB = nacmax

nagwep(i) number of sides I air—to-gro u nd integer
weapon types
LB = 0, UB = nagwmx

nbarty number of types of barriers integer
(between cells)
LB = 0, UB = nbarmx

ncells number of cells (largest integer
i d e n t i f i c a t i o n  number of
any cell) in area of war
LB = 1 , UB = ncelmx

nenv number of types of cell Integer
environments
LB = 1, UB = nenvmx

nequip number of types of side i Integer
equipment (nwep(i) + ntrpt(i))
L B = 1

ngawep( i) number of types of side i integer
ground—to—air weapons
L B = 0

nggw ep(i) number of types of side I Integer
ground—to—ground weapons
LB = 1 , UB = nggwmx

nlc(i) highest load class of side integer
i resources
LB = 0, UB = nlcmax

J 10-11
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Name Description Type

nmarchp max {k: a i rmove(k)  = false.} intege :
LB = 1, LJB = n p o et ( 3 )

nmat(i) number of types of side i integer
material (nwep(i) + ntrpt(i)
+ fl88(i))
LB = 1 , IJB = nmat mx

nasyl number of computer double—words Integer
occupied b y name or any environ-
ment , route , or barrier type

n p er a ( I )  number of types of side i integer
personnel
LB = 0

npost(i) number z.f postures In posture integer
c lass  i
LB = 1, UB = 10

nprint number of output devices Integer
(printer ~ terminals) to
be used
LB = 1, UB = 3

nrankl number of cells in first row Integer
of area of war
LB = 2 , UB = ncells

nrs(i) number of types of side i integer
resources
LB = 1 , UB = nrsmax

nr8t(i) number of types of re sources integer
that a unit of type i may have P
LB = 1, UB = nrs(flag(i))

nrtety number of types of routes -Integer
(between cells)
LB = 1 , UB = natmax

1
• nsp(i) number of types of side I integer

support resources (n88 (i) +
npera(i))

nsB (i) number of types of side I integer
supplies
LB = 0 , UB = nssn iax

l i--12
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Name Description Typ e

ney l number of computer double— integer
• words  o ccu p ied by name o f a ny

unit
LB 1, UB = 2

• ntrpt(I) number of ty pes of side i integer
transport vehicles
LB = 0 , IJB = ntrnmx

nu type  number of types of units integer
LB = 1, UB = nutymx

• nwep(i) number of types of side I integer
weapons (nggwep(i) + ngawep(i))
LB = 1, IJB = nwepmx

[owner](i) 1 If Red owns cell I, 2 if Blue integer

[owner](i) side that owns cell i at t = tinit integer

pg( i ,j) protection group to which side integer
j resources of type I belong
L B = l

pmap dn(i) first posture a unit enters integer
when it transitions from posture

• i to a lower posture class

pmapup(i) first posture a unit enters integer
when it transitions from posture
I to a higher posture class

poff (i) offset pointer used to reference integer
ground combat data for a unit in
posture I (see frdval.fatk ,
frdv al.fdef., vfeba.f)

pp oh ( i , j )  number  of ove rhead  t y p e  I real
personnel in type j battle unit
LB = 0-

prep.f(i,j, k) factor applied to katk(* ,i ,3—j ) real
if defending unit , a member of
side j, Is credited with defense
preparation time equal to prep.x (j ,k)
LB = 0

prep.x(i,j) ordi nate corresponding to real
prep.f(k,i , j )  f o r  any k

10-13
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Name Description Type

prot(i ,j ,k) amount of side k resources of type real
I that a side k ground—to—ground
weapon of type j can protect
LB = 0

ptran (i,j,k) time required to transition from real
j—th posture in posture class I to
k—th posture in posture class i

[resources](i ,j) quantity of resources of type j real
in unit I (classification of
resources by type depends on
unit ’s side)

[reaources](i ,j) quantity of resources of typ e j real
in unit i at t = t i n i t
LB = 0

rname(I ,*) descri ption of route type i character

rnameO (i ,*) description of basic route type i character

rsname (i,*,j) descri ption of side j  resource character
type I

rsvala(i ,j) standard value of side j  type I real
resource on attack

rsvald (i ,j’ standard value of side j type I
resource on defense

rtemap (i) 
route type if basic rout e type integer
is I
LB = 1, UB = nrtety

[rt etype ] (i ,j) type of route betwe en cell I integer
and cell j; undefined unless
cells are adjacent
LB 1 , UB = nrtety

Bpdd (i,j) demand for type I support real
resources b y a unit quantity
of type r resources; j  = r if
resources belong to Red battle
unit; j = nrs(l)+r if resources
belong to Blue battle unit
LB = O

eereqm (i,J , k) quantity of side k supplie s of type real
I required by a side k resource
of type j  in order to move
L B = 0

l 0 — l ~4
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Name Description Type

eavact(i ,j,k) qu an t i ty o f type I su pp lies r eal
consumed in one unit of time by
a t yp e j res ou rce ac t ively
involved in ground combat;
supp l ies and r esour ce be lon g
to a battle unit from side s in
posture p; k = i nap pe(s ,~~kpos t](p))
LB = 0

s8vncb(i ,j,k) amount of type I supplies real
• consumed in one unit of time

by a type j resource in a Blue
battle unit in posture class k;
1 <  k <  3
LB = 0

• 
esvncr (I,j , k) amount of type I supplies real

• consumed in one unIt of time
by a type j resource in a Red
battle unit in posture class
k; 1 < k < 3

• L B = 0

ssvres(I ,j , k) consumption of type i supplies real
in one unit of time by a type j
resource not actively involved
in combat but in an engaged
battle unit; battle unit belongs
to side s and is in posture p;

• k = mapp s (s,[kpost] (p))
LB = 0

stdtgt(i ,j) quantity of resource I in a real
standard side j ground force
LB = 0

[successor] (I ,j) j—th successor of cell I Integer
(1 ~~• j ~ 3)

t current game time ( t  = tinit real
at start of game)

tcycle length of cycle real
LB = tpd

td(i) depth of de fender ’s tactical real
zone when environment in
engagement cell is type i
L B = 0

10—15
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Name Desc ript ion Ty p e

• tend time at which game end s real
LB = t i n i t

te ntry(i) time at which unit i entered real
location and posture class
it is in at start of game

• t ent ry ( i) virtual time at which unit I real
entered its present posture
class

tframe length of frame real
LB = 0 , IJB = tpd

tinit time at start of game real
LB = 0

toe ( i,j) p lanned effective quantity real
of type j resources in a
unit of type I
L B O

tpd leng th o f period r eal
LB = tframe , UB = tcycle

tr’ncap(i ,j) transpo rt capacity of each real
• side j resource of type I

LB = 0

t r n req (I ,j) transport requirement of real
each side j resource of
ty pe I
LB = 0

trptcl (i) transport class of a unit integer
of type i
LB = 0

vaniah (i) fraction of standard value real
at which battle unit of
type I vanishes
LB = 0, UB = 1
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Name Description Type

vfeba.fO (i,j) signed d istan ce of FEBA movem ent real
in 1 unIt of time if attacker—to—
defender force ratio is 0,

- • 
attacker is in posture p~~, and
defender is in posture p ;
j = po ff (p~~ ); i = po ff (p ) if
attacker is Red ; i = vfeba.npa
+ p off (p ) if attacker is Blue

vfeba .f (i,j, k) signed distance of FEBA movement real
In 1 unIt of time if attacker—to—
defender force ratio is vfeba .fr(I) ,
attacker is in posture p~~, defender
is In posture p ;  j = p off (p~~ );
i = po ff (p ) if attacker is Red ;
I = vfeba.npa + po ff (p ) if
attacker is Blue
L B = 0

vfeba.npa maximum number of attack postures integer
subprogram vfeba can accommodate
given current array dimensions

vfeba .fr(i) o r d i n a t e  c o r r e s p o n d i n g  to real
vfeba .f (j,k ,i) for  any (j , k)
LB = 0



11. I N D E X  OF V A R I A B L E S

aagatk 6—2 ,8—15 ,10=2 enarae 9—2 ,10—5
aagblu 6—2 ,9—1 6,10—2 enaraeO 9—2 ,10—5
aagdef 6—2 ,9—15 ,10—2 [environment] 2— 3 ,5—5 ,5—7 ,
aagred 6 — 2 ,9— 15 ,10—2 5—18 ,6—2 ,10—5
aggatk 5—4 ,5—22 ,9—9 ,9— 15 , 10—2 envmap 2—3 , 2—5 , 8—1 , 9 — 1 6 , 9 — 1 7 ,

• aggdef 5—7 ,9—9 ,10—2 10—5• ag load 6—2 ,9—15 ,10—2 fc?agce 6—3 , 9 — 1 4 , 10—5
• airmov e 3—9 ,3— 10, 3—17 ,3—19 , fcagcp 6—3 , 9 — 1 4 , 10—5

9—6 ,10—2 fcagre 6— 3 ,9—14 ,10—5
• ajeize 5—31 ,9—5 ,10—3 foagrp 6—3 ,9—14 ,10—5

• barier 5— 6 ,5—1 8,9—10 ,10—3 fakac 5—18 ,9—1 0,10—5
• barmap 2—3 ,2—5 ,8—1 ,9—16 ,9—17 , [f ckac] 5—5 ,10—5

10—3 fckace 5—5 ,5—1 8,9—10 ,10—6
[bartype] 2—3 ,2— 5 ,3— 11 ,3— 17 , fckar 5—5 ,5—18 ,9— 9 ,10— 6

3—20 ,5—5 ,10—3 [fckar] 5—5 ,10—6
[basic _bartyp e ] 2—3 ,2—5 ,9—4 , fokare 5— 5 ,5—7 ,5—1 8 ,9—10 ,10—6

10—3 fckdc 5—7 ,5—18 ,9—10 ,10—6
[basic _enu] 2— 3 , 2— 5 ,9— 3 , 10—3 [fckdc] 5—7 ,10—6
[basic _rtetjjpe ] 2—3 ,2—5 ,9—4 , fckdce 5— 5 ,5— 7 ,5—18 ,9--10 ,10—6

10—3 fckdr 5—7 ,5—18 ,9—9 ,10—6
bde iay 3— 12 ,3—12 ,3—15 ,3—17 , [fckdr] 5—7 ,10—6

3—20 ,3—21 ,9—7 ,10—3 fckdre 5—5 ,5—7 ,5—18 ,9— 10 ,10—7
bname 9—4 ,10—3 febab 5—6 ,9—11 ,10—7
bnameO 9—3 ,10—3 febad 5—2 ,5—23 ,9— 11 ,10—7
buloc 1—2 ,9—5 ,10—3 flag 9—5 ,9—12 ,10—7
buloc 1—2 ,10— 3 fmr .f 3—12 ,9—7 ,10—7
bunarne 9—5 ,10—3 fmr.fO 3—12 ,9—7 ,10— 7
bupost 9—5 ,10—4 fmr .x 3—12 ,9— 7 ,10—7
bupost 10—4 frdval .fatk 5—32 ,9—11 ,10— 7
butype 2—6 ,2— 10 ,2— 11 ,3-- il—— frdval.fd~f 5—33 ,9—11 ,10—7

3— 21 ,4—1—— 4— 9 ,5--22 , frdval.fOatk 5—32 ,9—11 ,10—8
5—25 ,5—27 ,5—31 ,9—5 , frdval .fod ef 5— 33 ,9—11 ,10— 8
10— 4 frdv al.x 5—32 ,5—33 ,9—12 ,10—8

delta 3—26 ,9—2 ,10—4 freff.f 5—32 ,9— 13 ,10— 8
depth  2—1 ,3—1 2——3—14 ,5—2 ,5— 6 , freff.fO 5—32 ,9—13 ,10— 8

5 — 7 , 5—18 , 5 — 2 1 , 9 — 4 , 10—4 freff .x 5— 33 ,9— 13 ,10— 8
dgpb lu 6—4 ,9—15 ,10—4 frinv.f 5—28 ,9— 12 ,9—1 3,10—8
dgpred 6—4 ,9—15 ,10—4 frinv.fO 5—28 ,9—12 ,9—13 ,10— 9
diseng 3—20 ,3—21 ,9—6 ,10—4 frinv .x 5—28 ,9—13 ,10—9
dper eb 5—9 ,5— 19 ,9—11 ,10— 4 haven .ptho ’ne 9—16 ,10—9
dpersr 5— 8 ,5—9 ,5—19 ,9—11 , haven.zoc 5—23 ,9— 16 ,10—9

10—5 iars 2— 10 ,4—5 ,9—5 ,10— 9
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i b lu i 9—4 ,10—9 [owner] 3—24 ,10—13
ipr in t  8—2 ,8—3 ,9—2 ,10— 9 pg 5—26 ,5—29 ,9—13 ,10—12
itrfp 3—4 ,3—7 ,3— 25 ,4—5 ,4—8 , pmapdn 3—1 ——3 — 5 ,3— 7 ,3—24 ,3—26 ,

4—9 ,9— 4 ,10—9 4—2 ,5—24 ,9—5 ,10— 13
kag 6—3 ,9—14 ,10—9 pma p up 3— 1——3 — 5 ,3—7 ,3—24 ,3—26 ,

• kap 9—9 ,10— 9 4—2 ,5—24 ,9—5 ,10— 13
katk 1— 2 ,5—1 ,9—9 ,10—10 po ff 5—5 ,5— 7 ,5— 33 ,9-8 ,9—1 1 ,
katk 1—2 ,5— 2—— 5— 5 ,5—1 8,5— 23 , 9—12 ,10— 13

10— 10 pp oh 5—27 ,5—2 8,9— 12 ,10—13
kdef 5—2 ,5—3 ,5—5 ,9—9 ,10— 10 pr ep. f 9— 14 ,10— 13

• kdef 5—2 ,5—3 ,5—7 ,10—10 pr ep.x 5—32 ,9— 14 ,10—13
kdp 9—9 ,10—10 prot 5—26 ,5— 29 ,9— 13 ,10—14
[kpost] 9—8 ,10— 10 ptran 3—10 ,9—6 ,10—14
ldcap 3—15 ,9—7 ,10--jO [resources] 2—1 1 ,3—i1 ,3—l 4—— ~idsize 3—16 ,9— 7 ,10— 10 3—18 ,3—26 ,4— 6—— 4— 8 ,

• 7~oadc Z 3—15 ,9— 7 ,10—10 5— 35—4 ,5—7 ,5—8 ,
mappa 7—1 ,7—2 ,9—8 ,10—10 5—19 ,5—22 ,5—25 ,
m r  3—11 ,3— 12 ,3—1 4—--3—1 6 ,3—20 , 6— 2—— 6— 4 ,7--1——7— 3 ,

3— 21 ,9— ~~,10—11 10—14
rrzrair 3—9.3— 18.3—19 ,9—6 ,10—il [resources] 2—1 0—2—11 ,9— 5 ,10— 14
nactyp 6—1 ,6—2 , 9—14 , 10—11 rname 9—3 ,10— 14
nagwep 6—2 ,9— 14 ,10—11 rnameO 9—3 ,10—14
nbarty 9—4 ,10—11 rsname 9—5 ,10—14
ncells 2—1 ,2—3 ,3—1 0,3—1.7,9—2 , rsvala 3—28 ,5—22 ,10—14

10— 11 rsvald 3—28 ,5—22 ,10—14
nenv 9 — 2 ,10—11 rternap 2— 3 ,2— 5 ,5—15 ,8— 1 ,9— 16 ,
nequip 5—26 ,5—27 ,7—2 ,7—3 ,9— 13 , 9— 17 ,10-14

10—i l [rtetype] 2—3 ,3—11 ,3—14 ,3—16 ,
ngawep 9—4 ,10— 11 3—21 ,10—14
nggwep 5—3 ,5—7 ,5—8 ,5— 11 ,5— 2 0, spdd 5—28 ,9—12 ,9—13 ,10— 14

5— 22 ,5—26 ,6—3 ,10—11 ssreqrn 3— 11 ,3— 13 ,3— 15 ,3—17 ,
nic 9—7 ,10—11 3—18 ,9—7 ,10— 14
nmarchp 10— 12 sevact 7—2 ,9—8 ,10—15
nmat 5—8 ,5—32 ,10— 11 ssvncb 7—1 ,9—8 ,10—15
nnsyl 9—2 ,9—3 ,10— 12 ssvncr 7—1 ,9—7 ,10—15
npers 5—~~,5—9 ,5—26 ,5— 27 ,5—29 , asvres 7— 2 ,9—8 ,10— 15

6— 4 ,9— 4 ,10—1 2 stdtgt 5—4 ,5—7 ,5— 29—-- 5— 31 ,6— 3 ,
npost 2— 7 ,3—4 ,3—7 ,3—1 0,4—2 , 9—9 ,10—15

5— 33 ,9—4 ,10—12 [successor] 2— 1 ,9—4 ,10— 15
nprint 8— 1 ,8—2 ,9—2 ,10— 12 t 2— 11 ,10— 15
nrankl 2—1 ,9—2 ,10—12 tcycle 9—2 ,10—15
nrst  2—10 ,4—5 ,9— 5 ,10—12 td 5—1 8 ,9—1 1 ,10— 15
nrtety 9—3 ,10— 12 tend 2—11 ,9— 2 ,10—16
nsp 10— 12 tentry 2— 7 ,10— 16
flaB 1—2 ,2—11 ,3—1 2 ,3—15 ,3—18 , tentry 2—7 ,10—16

3—2 0,5—28 , 5—2 9,7—1— — 7 ,3, tframe 1—2 ,3—11 ,3— 23 ,3—2 0, 5— 2 ,
9—4 , 10—12 5— 3 ,5— 21 ,7—1 ,7—2 ,9— 2 ,

n8y Z 9—4 ,10— 13 10—16
ntrp t 3—14 ,9—4 ,10— 13 tini t  2—11 ,6—1 ,9—2 ,10—16
nutype  9—4 ,10—13 toe 2—11 ,4—5 ,4—9 ,5— 22 ,5—31 ,
[owner] 3— 24—— 3— 26 ,9—S .10—13 9—5 ,10— 16
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- tpd 9—2 ,10— 16
• trncap 3—14 ,3— 16 ,3—18 ,9—7 ,10—16

trnre q 3—14 ,3— 16 ,3—18 ,9—7 ,10—16
trptcl 3—15 ,5—25 ,9—7 ,10—16
vanish 5—22 ,9—11 ,10—16
vfeba.fO 5—33 ,9— 12 ,10— 17
vfeba.f 5—33 ,9—12 ,10—17
vfeba.npa 5— 33 ,9—12 ,10—17
vfeb a.fr 5—33 ,9— 12 ,10—17

.
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