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FOREWORD

This study was performed for the Directorate for Combat Developments (DCD), U.S.

Army Engineer School (USAES), under Project 4A762731AT41, "Military Facilities

Engineering Technology"; Task D, "Combat Engineering Strategy"; Work Unit 048, "En-
gineer Modeling Study." The USAES/DCD Technical Monitor was CPT Clifford Clausen.

The study was conducted by the Facility Systems (FS) Division of the U.S. Army Con-
struction Engineering Research Laboratory (CERL). CERL personnel directly involved in
the study were Dr. Gordon Bagby, Mr. Gerald Brown, Mr. Carlton Mills, and Mr. Theo-
dore Tourlentes. Appreciation also is expressed to Professor John Boyd of Knox College,
Galesburg, IL. Mr. Edward Lotz is Chief of CERL-FS.

COL Louis J. Circeo is Commander and Director of CERL, and Dr. L. R. Shaffer is
Technical Director.
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ENGINEER MODELING STUDY The objective of this volume is to describe how the
* VOLUME III: CORDIVEM/ENGINEER Engineer Module is implemented as part of the CORDI.

MODULE INTERFACE MANUAL VEM component of AMIP.

Approach
In 1980, the Combined Arms Study Activity

* INTRODUCTION (CASAA) decided to base its implementation of COR-

DIVEM on the Integrated Corps Model (ICOR) devel-
oped by the BDM Corporation. CERL was asked to

Background integrate its SIMSCRIPT Engineer Module with the
In 1980, the Army initiated the Army Model Im- ICOR FORTRAN program. The CORDIVEM task force

provement Program (AMIP). One of the goals of AMIP at Fort Leavenworth, KS, implemented the CORDI-
is to ensure that the next generation of Army combat VEM Game Executive Module (GEM) in SIMSCRIPT.
models is "systemic." That is, one model will simulate The GEM calls ICOR using the SIMSCRIPT-to-FOR-
several days or even weeks of combat with no manual TRAN call facility.* CERL's Engineer Module could
intervention. As a consequence of this requirement, then be compiled as part of the GEM, thereby eliminat-
the U.S. Army Construction Engineering Research ing FORTRAN/SIMSCRIPT compatibility problems.

* Laboratory's (CERL's) Engineer Modeling Study
. (EMS) group was asked to find ways to represent engi- Implementation efforts initially concentrated on

neers in one of the Army's combat simulation models, automatically generating engineer orders for tactical
When CERL's EMS group began its study, existing units in the defense posture. ICOR had no method for
Army combat models either ignored engineers com- the gainers to enter a defensive concept of operations.
pletely or confined their representation to obstacle This deficiency presented the opportunity to imple-

" effects (e.g., minefields, tank ditches) whose sizes and ment a facility which would allow the gamers merely
location were input manually. Because manual input to specify a series of defensive positions and have the
was tedious, often the only engineer contribution program automatically generate engineer orders to sup-
played was an initial barrier plan. In one model, the port the unit. The default mode of operation then
engineer representation was so slow that it was usually would include minimal engineer support, even if no
turned off. Another model only estimated (by drawing engineer gamer existed. The default also would select
a random number) the engineers' arrival time to clear defensive positions when they were not explicitly pro-
a minefield and then decided whether to wait or bull- vided, thus complying with the "systemic" require-
through. Thus, CERL's EMS group directed its efforts ments of AMIP.

" at designing an Engineer Module which could automati-
cally generate engineer orders without time-consuming Final implementation efforts were directed toward
input requirements. This module was designed for developing an interactive interface, generating mobility
use as part of the Corps/Division Evaluation Model orders, and smoothly integrating a resource allocation

' (CORDIVEM) component of AMIP. module. Implementation requirements were:

Objective 1. Automatic ("systemic") generati i of engineer
The overall objectives of this study were: orders.

1. To model the contribution of friendly and 2. Interactive entry of engineer orders and supervi-
enemy engineers to the effectiveness of the combined sion of the Engineer Module.
arms team.

3. Representation of engineer effects.
. 2. To represent, with accuracy and consistency, the

effectiveness of the combat engineer effort throughout 4. Representation of engineer chain of command.
the AMIP model hierarchy.

5. Integration of the engineer resource allocation
3. To develop a system that the U.S. Army Engi- module.

neer School (USAES) and other agencies can use to
(a) review modeling data so new equipment or doctrine
can be easily incorporated, and (b) support the evalua- *1 is not possible for FORTRAN routines to call SIM-
tion of hypothetical equipment or doctrine. SCRIPT routines.

7



Organization of Report 3. Calculates a composite score for the two adja-
Chapter 2 describes, in military terms, what CERL's cent hexes using speed as a weighting factor (a hex 2

Engineer Module does. The description follows the with an autobahn is more likely to be used for an
structure of engineer doctrine and summarizes what attack).
the implementation purports to have done. Chapters
3 through 12 describe what the software does and 4. Computes the defensibility score by dividing the
are intended for use by CORDIVEM maintenance Step 1 value by the Step 3 value.

*: personnel.
The hexes with the highest defensibility scores will

be those hexes where the terrain gives the defender an
advantage relative to the attacker in an adjacent hex.

42 SUMMARY OF FEATURES The chosen defensive position might be a wooded area
next to an open area, or behind a river, which forces
the threat to attack across a river. Hexes with no in-

Defensive Path herent advantage will not be selected (e.g., adjacent
Every tactical unit in contact with a hostile force heavily forested areas or adjacent open areas).

has a defensive path. The path is a preplanned route to
an alternate fighting position. The decision to move to The gamer may override the default defensive path
the alternate position due to threat pressure is made by mechanism at any time by explicitly entering a unit's
CORDIVEM-the defensive path implementation does defensive path. For instance, if a critical bridge is to be
not affect the decision logic. The defensive path antici- held, the gamer can specify fighting positions for two
pates the move, issues countermobility engineer orders or more units in front of the bridge. Threat pressure
along the path, and issues survivability orders to pre- which causes units to move then would concentrate
pare the new position. The series of positions can be friendly protection for the bridge. The default would
entered by the gamer (man-in-the-loop [MITLI) or select positions across the river and issue demolition
generated automatically by the software. Since the orders to destroy the bridge. Threat pressure would
path is preplanned, lead time is provided to perform cause the defending units to move across the river; the
engineer work before the supported unit moves, engineers then would destroy the bridge. Advancing

threat units then would confront a river barrier covered
If a unit has no preplanned defensive path, the by fire. Default action will occur for all units, Blue and

following steps are used to create one: Red, unless explicitly overriden or disabled by the
garners.

1. Select a hex 12 to 20 km to the unit's rear.
Offensive Path

2. Examine that hex and the six neighboring hexes The CORDIVEM Engineer Module includes a facil-
for defensibility (see below). ity to support gamer planning during the simulation.

This facility, called the offensive path, permits the
3. Select the hex with the highest defensibility, gamer to ask, in effect, "I have a unit at point A and

would like to send it to point B. What is the best pos-
4. Plan a path from the unit's current hex to the sible path and what engineer effort is required to create

selected hex. this ideal route?" Often, the best path is the fastest.
However, the calculation can include an evaluation of

5. Issue countermobility orders for targets of op- cover. By making the cover weight high (relative to
portunity along the path. speed), the path will tend to avoid open areas and re-

quest bridges in areas with good cover.
The algorithm for scoring defensibility:

1 Mobility Operations

I. Scores the target hex for cover using defensive The module will automatically generate engineer
terrain weights (rivers and roads do not degrade cover orders to remove any obstacles encountered by tactical
values), units. The module will not alter movement rates and

the movement path for the encountering unit. How-
2. Scores the two adjacent hexes facing the threat ever, after the obstacle is cleared, any following units

for cover using offensive terrain weights (rivers and will move faster and possibly on a different route. For
roads decrease cover value for attacking units). minefields, the CORDIVEM obstacle routines calculate

8



attrition due to mines, modify movement rates, and countermobility operations along the path. If the
make the decision whether to bull-through, by-pass, or scenario staff has entered a defensive concept of opera-
wait for support. tions, then the generated path will observe the scenario

The MITL has several ways to issue mobility orders, constraints.

including designating an area where all obstacles shall The type of countermobility orders issued depends
be cleared, indicating sites for bridging, and ordering on the kinds of terrain traversed by the defensive path.
the clearing of specific obstacles. The algorithm selects locations where roads cross areas

For the first version of CORDIVEM (CORDIVEM that have low cross-country mobility (e.g., an auto-

MOD 1), no attempt is made to automatically generate bahn on a forested mountain), and issues a crater order.

major river crossing orders. There is no simple method
of deducing where and when to commit these scarce Survivabilit
resources. A major river bridging order will be available The only automatically generated survivability orders

for use by the scenario developers (and online gainers) are the prepared fighting positions on the defensive

as they implement their concept of operation. Later path. When the defensive path is tied to a scenario's

versions of CORDIVEM will use more sophisticated concept of defensive operation, the gamer may request

decision logic, which could include major river cross- "strong points" instead. Of course, a survivability order

ing operations. may be entered at any time by the MITL.

Countermobility Operations Summary
For those units with defensive operation orders, This concludes the general information section of

a systemic facility exists to automatically generate this report. The remaining chapters provide reference
countermobility and survivability orders. Whenever a material for the CORDIVEM/Engineer Module inte-
defensive tactical unit comes into threat contact, the gration staff. Table 1 summarizes the systematic
program generates a defensive path, issues orders to (automatic) and MITL features of the CORDIVEM
prepare fighting positions at the end point, and issues implementation.

Table 1
Summary of Systemic and MITIL Actions

Countermobility

SYSTEMIC: Generation of defensive path

Prepared position at movement objective

Road craters and/or linear obstacles along path

MITL: Entry of defensive concept of operation with default defensive path actions.

explicit strong point, or explicit barrier/tighting position-frre area

Explicit designation of obstacle trace

Explicit designation of obstacle-free areas

Survivability

SYSTEMIC: Prepared positions on defensive path

MITL: Strong points on defensive path

Explicit strong points

Mobility

SYSTEMIC: Automatic clearing of obstacles encountered by tactical units

MITL: Explicit river crossing representation

Explicit designation of battlefield area where obstacles shall be cleared

Offensive path mechanism to create engineer work package-

9
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3 PROGRAM STRUCTURE wide swath between the two and a link table connect-
ing these nodes.

Implementation can be viewed as several on- 2. Calculate the cost of traversing each link.
going processes: planning, target execution, and game
support. 3. Build a node cost table where each node value is

Planningthe sum of the link values for the least costly path to
Plnigthe tre oe

The planning process monitors the status and objec- tre oe
tives of supported maneuver units in order to antici- 4. Calculate the cost of traversing each link (assum-
pate combat engineer requirements. This planning ing engineer activity).
horizon provides the lead time between issuing an
order (e.g., crater a road) and execution (e.g., actually 5. Build another node cost table where the node
cratering the road) needed to simulate the movement vausrfethengeracite.
of engineer assets to the work site and the performance vausrfethengeracite.
of the task. Given the ability to explicitly model engi- 6 sn h al osrce nSe ,fn h

neerasstsit ten ecoes pssile o chngethe least costly path and engineer orders required to create
engineer force structure and determine the battlefield this path.
consequences.

Implementation required changes to subroutine 7 eottefloigies
CONSDR. a. The cost for moving to the target using un-

Target Execution improved terrain from Step 3.

The target execution process modifies the terrain, b. The cost of using engineer-enhanced terrain
given completion information received from the re- from Step 5.
source allocation module (e.g., 300 mn of tank ditch
completed). However, some targets, like blowing a c. The engineer work required (from Step 6) on -

bridge, cannot be executed immediately; the module the optimal path.
must wait until the supported unit has crossed the
bridge and then change the terrain data to show an The report is presented to the gamer, who can inter-
unbridged river to a pursuing threat force. actively accept and reject each of the possible engineer

Implmenatin reuird cangs tosuboutnes orders. Then, the gamer will release the entire work
Implmenatin reuird cangs tosuboutnes package to the module. The gamer can optionally issue

MQVSCH D and MOV RCT. orders for the tactical unit to follow the path.

Game SpportThe initial implementation will calculate cost in
The game support process includes such things as terms of time; however, the method is completely gen-

explicit entry by the garners of engineering orders, eral. Other functions could be used to provide the link
11graphic display of obstacles, force structure represen- cost values of Step 2 and Step 5. (For instance, one

tat ion, etc. could include a cover factor and calculate a reasonably
fast path that minimizes the use of open terrain.)

Implementation required changes to the Player
Control Station (PCS) program.DaaSrcue

The data structures are given in Table 2.

4 OFFENSIVE PATH IMPLEMENTATION Building the Static Tables
The path table is built by alternately moving a hex

pointer (initially set to the start hex) and another
The offensive path algorithm consists of the follow- pointer (initially set at the end hex) towards each

ing steps: other. The pointers are incremented one hex at a time.
'4 After each increment a five-hex (I17.5-km)wide swath is

1. Given a start hex and a target hex, build a static added to the table. When the pointers meet at the half-
* table of all hexes (nodes) within a five-hex (17.5-kin) way point, the process terminates with the table built.

10
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Table 2
Data Structures

Node Table: scores static information about node

(0, node #)) Number of links for this hex
(1, (node#)) Link data

= 0 no link
0 link number (this node is source)

(6, ( node #)) (0 ABS (link number) (this node is sink)

(7, node # >1 Number of incoming links
(, ( node # )l Hex number
(9, (node #)) Pointer to hex data structure

Link Table: static

(1, ( link #)) Source node
(2, (link #)) Sink node
(3.4 link #>) Direction

Note: Node I is always the source node
Node 2 is always the destination node

COST ORIG ((node Cost without engineers
COST ENGR ( ( node #)) Cost with engineers
CLINK ORIG (link # )) Link cost without engineers
CLINK ENGR ((link # )) Link cost with engineers
LINK ENGR ORO ((link #>) Engineer order required to change terrain
OFPATH ( ° ) List of hex numbers along path
NUMNODES
NUMLINKS

* Because of the vagaries of hex arithmetic, there is no for every node. If a value for a source node is known,
' guarantee that the points will meet in the same hex, then each link can be taken from that node, and the

Therefore, the implementation will terminate whenever link cost can be added to the source cost, which calcu-
the distance between the two points is less than two lates a cost for the sink. If this cost is lower than the
hexes or when no new hexes have been added to the current cost, then store the new lower cost as the sink
table. node value. When this algorithm can be performed on

every node without calculating new node values, the
The links between nodes (hex locations) are estab- least-cost node table has been built (ass'ming that the

lished as hexes are added to the table. Whenever one of nodes are initialized with very large valu s).
the six possible neighbors of a new hex is found in the
node table, a link is added to the link table. Clearly, though, just repeating the -alculation for

every link is time-consuming. A much faster method
Finding the Best Path uses a list of pending nodes which have new values, but

The best path can be found easily if every node had whose values have not been propagai d.
a least-cost value for the best path from it to the desti-
nation node. The best path can be enumerated by The algorithm that builds the node cost table re-
beginning with the start node and choosing the link to moves a node from the pending list, calculates new
the lowest cost neighbor node and repeatedly choosing values for those nodes connecting with it, and when a
the least-cost neighbor until the target node is reached, new lower node cost value is found, adds that node to
If there are multiple least-cost paths, only one will be the pending list. Eventually, the pending list will be
chosen. emptied and the process terminated. The process starts

by putting the offensive path target node into the
Building the Least-Cost Table pending list and setting the cost of the target node

The problem is now how to find the least-cost value to zero.
III"



5 RIVER CROSSING REPRESENTATION e.g., defilades, tank ditches, abatis, and minefields. The
number and mix of items varies with the terrain, while
the order of completion depends on resource con-

The CORDIVEM terrain attributes have been ex- straints. All items may not be finished by the time the
tended to support representation of engineer-built supported unit arrives, but the partially completed
bridges and rafting operations. The bridge sites may be order should affect the battlefield. Some method to
selected by the offensive path algorithm, translate notifications of individual item completion

into an integrated partial completion value for making
New Value Range of Hexside Attributes terrain modifications had to be invented.
Road Values
0 =no road The method chosen requires that each item in a
I = secondary/tertiary road particular engineer order be given a point value. The
2 = primary road nominal total point score for all items is 1000; the cur-
3 = autobahn rent sum of points for all completed items divided by
5 = secondary road (point blockage) 1000 yields a percentage complete value, which is used
6 = primary road (point blockage) to make terrain modifications. The resource allocation
7 = autobahn (point blockage) model signals item completion by invoking a subrou-

tine with the item's point score as a paramet'r. The
The above applies where point blockage is a blown score is added to the total score for the order. If the

bridge when river is present, or road crater/abati in the resulting terrain modifications do not have to be de-
absence of rivers. ferred (cratering a road, for instance, has to occur after

the supported unit uses the road), the terrain modifica-
River Values tion routines are invoked immediately.
0 = no river
1 = river width under lOin To execute deferred orders, the module calls a
2 = river width 10 to 120 m target execution routine whenever a supported unit
3 = river width greater than 120 in initiates or completes a hex-to-hex move. This routine
4 = river with rafting site in place searches the supported unit's list of outstanding orders

(The crossing rate will depend on the river width and invokes the terrain modification routines if the
and number of rafts available.) unit has moved behind the deferred target.

5 = Level I river with AVLB bridge in place
6 = Level 2 river with float bridge in place

Discussion
The following examples show how these attributes 7 MODEL FRONT END

are used:

River Road The model front end is a special, CORDIVEM-
2 3 100-m river with autobahn bridge specific module. It translates the generic order number
2 7 Autobahn leading up to 100-m river and situation parameters in the COMRD vector (gen-

(no bridge) erated inside CORDIVEM) into the specific order
6 3 Autobahn with float bridge crossing format required by the SIMSCRIPT Engineer Module.

100-m river The basic design strategy was:
4 3 Autobahn leading up to raft site
1 0 10-m river (no bridge, no road) 1. CORDIVEM will not set priorities or create situa-
5 0 10-m river with AVLB (no road) tion numbers for the SIMSCRIPT module.

2. CORDIVEM will send to the Engineer Module a
command vector, including parameters specifying the re-

6 ENGINEER DATA STRUCTURES questing unit's situation and the engineerjob requested.

3. CORDIVEM will issue only simple generic orders
A typical engineering order, like prepare fighting to the Engineer Module (e.g., blow bridges, crater road,

positions, will involve many individual items of work, fortify, emplace minefield).

12
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4. The SIMSCRIPT Engineer Module front end will 3. An order selection method number. This speci-
choose parameters from the command vector in order fies the algorithm for selecting from the list of orders
to: given the terrain factors.

a. Select single job order/multiple job order. 4. A priority calculation method number.

5. A situation generation method number. Differentb. Set a default priority, orders may need to use different factors in order to

generate a situation number.
c. Generate a situation number for task/technique

grading/selection.

These three values are passed to the interpret order 8 MIDAS CHANGES

section of the Engineer Module, along with such things
as supported unit number, battlefield locations, etc. MIDAS is a data definition language and FORTRAN

Thus, the front end supplies all information required preprocessor used to describe and access data stored in

for an Engineer Module order. FORTRAN common areas. This section lists the new
data structures added and modifications to existing

When improvements or refinements are needed, the structures.
subroutines embedded in the ICOR implementation
will not need changing; only the front end section of The following MIDAS structures have been altered:

the SIMSCRIPT program or the front end data will
have to be changed. Structure Description

SCORBRD Unit killer/victim scoreboard
The front end does the following: ADDRESS Hex terrain attributes

I. Inputs a CORDIVEM command vector, COMORD And the following new structures have been added:

(see below), which includes a generic order number
(e.g., 902 for crater road), terrain data, work site loca- Structure Description
tion, supported unit, etc. EMKNTRL Basic control structure

DLYPATH Scores MITL defensive path
2. Finds the generic order in the front end data EMORDER Engineer order data structure

tables, yielding the method number for Steps 3, 4, and

5, and the list of orders for Step 3. SCORBRD-Modifications
The SCORBRD data structure defines each combat

3. Selects a terrain-specific multiple job order (e.g., unit in CORDIVEM. The additional attributes support
crater two-lane road). treating an engineer work site as a unit (enabling attri-

tion at the work site), as well as providing links to the

4. Calculates a priority, engineer data structures. See Table 3.

5. Calculates a situation number. ADDRESS-Modifications
The ADDRESS data structures store he terrain data

6. Invokes the Engineer Module interpret order for each box. The new data attributes listed below

code. represent engineer effects. See Table 4.

The data for the front end consist of the following EMKNTRL-New MIDAS Structure
items for each generic order: Every unit receiving engineer support owns an in-

stance of EMKNTRL, which links the various struc-
1. The generic order number issued by CORDIVEM tures required to support the unit. See Table 5.

(e.g., 902 for crater road or 901 for prepare battle
position). DLYPATH-New MIDAS Structure

DLYPATH stores the MITL-supplied delay path.

2. A list of multiple job order names. Most orders Each DLYPATH instance stores one point in the path.
will have several possibilities depending on terrain (e.g., Maneuver units follow this path when forced to move

crater road depends on the width of the road). by threat pressure. See Table 6.

13



Table 3
SCORBRD Structures

Field Size Purpose

MVIGNR 1 1 if unit should be ignored by the ICOR move selection
algorithm; CORDIVEM may use this bit for headquarters
units

EMSUTYPE 2 Type of unit engineer support
= 0 if unit has never received engineer support
= 1 do not issue engineering orders automatically for unit
= 2 if unit has received systemic engineer support
= 3 if engineer work site

PEMKNTL 16 Pointer to the EMKNTRL structure for unit
12 Reserved for expansion

NOTE: Engineer work site units are not added to the C2 tree.

Table 4
ADDRESS Structures

Field Size Purpose

OBSTCL 18 Obstacle hex side value (three bits/hexside); represents
countermobility effects (tank ditch, rubble)

4 IFRTFY 3 Fighting position level of hex interior
11 Reserved for expansion

NOTE: Currently no Red or Blue indicators exist.

Table 5
EMKNTRL Structures

Field Size Purpose

KKDLY 2 Unused, reserved for enhancements
PDPTH 16 Pointer to head of the list of DLYPTH structures

(may be empty, if no MITL entries)
HEXST 32 Short-term objective on delay path
HEXLT 32 Long-term objective on delay path
PEMORD 16 Pointer to head of the list of outstanding engineer

orders for the unit
30 Reserved for expansion

* Table 6
DLYPATH Structures

Field Size Purpose

PDPTH 16 Link to next DLYPATH structure in the path
KKGMR 2 Gamer control data (see definition below)
HEXOBJ 32 Hex number of this point

14 Reserved for expansion

Tentative definition of KKGMR:

= 0 Default (systemic generation of fighting position
= 1 No systemic action
= 2 Use default mechanism, but give position a higher priority
= 3 This is a "strong point": use systemic mechanism to issue
fighting position and linear obstacle orders at high priority

14



Tablf 7
EMORDER Structures

Field Size Purpose

LINKWS 16 Next EMORDER on work site chain
LINKU 16 Next EMORDER on issuing unit chain
PSBWS 16 Pointer to work site (SCORBRD)
PSBUNIT 16 Pointer to SCORBRD of unit issuing the order
IORDNN 12 Generic order number (e.g., 902 for crater)
IDIR 3 Hex side where target is to be placed and the direction

used for one deferred target execution algorithm
K1 4 Target execution class
K2 4 Target type
V1 4 Total number of completion points (RANGE 010001

received from SIMSCRIPT Engineer Module
V2 4 Total number of completion points represented by

terrain modifications
IDELTA 4 Amount hex attributes have been changed

NOTE: EMORDER requires modification to handle several units requesting
the same engineer order at the same location.

EMORDER-New MIDAS Structure CORDIVEM ENGINEER MODULE
EMORDER stores data for orders issued, but not 1- COMMUNICATION DATA

completed, and for unexecuted targets. Each order is STRUCTURES
chained to the work site and to the requesting unit.
See Table 7.

COMORD
The COMORD vector is passed from the ICOR code

9 FORTIFICATION TASKS to the model front end via the event structure in the
GEM. The vector is 15 words long with the structure
shown in Table 9.

The amount (and kind) of engineering effort re-
quired to create a standard prepared position varies
according to the terrain. The model front end uses two Generic Engineer Order Numbers
parameters to choose the proper job order: (1) the sum These numbers specify the class of engineering work
of the hex interior attributes (built-up, forestation, and being performed (or requested).
mountain), and (2) as a special case, a built-up value
of 3. See Table 8. Value Description

901 Prepare battle positions

Table 8 902 Crater road
Fortification Tasks 903 Blow bridge

904 Install linear obstacle
Tank

Sum Minefield Ditch Defdades Other

Bul it-up = 3 1000 m .. ... 29 craters COMORD Command
9 rubble The command number occurs in the COMORD data

8 800 m -- 25 21 craters vector sent to the engineer resource allocation module.
7 abati

1000-m trail
5-7 1000 m 500 m 25 500-m trail Value Meaning

12 craters 1 Issue order
6 abati

3-4 1000 m 1000 m 25 9 craters 2 Recalculate priority
33 abati 3 Recalculate, but do not lower, priority

0-2 2000 m 1800 m 30 4 Cancel order

15
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Table 9
COMORD Structure

Word

1 COMORD command (see below)
2 Address of EMORD
3 Engineer order class (see below)
4 Road width: RANGE 0..3
5 River width: RANGE 0.3
6 ICOR unit number
7 X location: REAL
8 Y location: REAL (Note: X, Y values computed by ICOR routine HAZXYL)
9

10 Distance between work site and supported unit (calculated by ICOR routine MDIST)
S11 Terrain word
12 Order source (= 0 game generated, = I MITL)
13 Order class (= 0 countermobility on defensive path, = 1 halt point on defensive path,

= 2 prepared position on defensive path)
14 Combat danger level: RANGE 0..4 (= 0 no contact, = 4 close combat, flank threat)
15 Direction: RANGE 1..6 (hex side number)

I I CORDIVEM ROUTINE- Modifications to CORDIVEM Routines MOVSCHD
MODIFICATIONS AND USE and MOVRCT

Both routines call EMUCHK to determine if de-
CORDIVEM Utility Routines Invoked ferred targets (like blowing bridges) can be executed.

The Engineer Module uses the following ICOR util-
ity routines. These routines have not been altered, but 1. MOVRCT calls EMUCHK when the unit arrives
supply utility services to the Engineer Module subrou- in a new hex.
tines. See Table 10. 2. MOVSCHD calls EMUCHK after calculating the

Modifications to Existing CORDIVEM movement time to the next hex. Thus, a Blue unit will
Routine CONSIDR get the advantage of a bridge or an uncratered road,
1. When the Operation Reaction System (ORS) re- but a Red unit that schedules a movement to pursue

quires a new objective, CONSIDR now calls DLYPCR Blue will not.
to create/update the delay path and LDJST to load the
short-term objective as the unit's objective.1 2 CONCLUSION

2. CONSIDR will call DLYPCR for a unit in contact This report gives a brief description, in military
with enemy forces, if the unit has an OP order and no Ts o t gineerModul desIt is ives

delay path. This provides lead time so that combat terms, of what the Engineer Module does. It also gives

engineering work can be completed before it is needed. information on the module's program structure, engi-
neer data structures, model front end, and MIDAS

Note: Current implementation restricted to Blue forces structures for use by the CORDIVEM/Engineer Module
only. integration staff.

Table 10

CORDIVEM Utility Routines

Routine Description

HXDIST 1HEXA, HEXB) Returns the number of hexes between HEXA and HEXB
HXADD (HEX, HV) Returns the sum of the two HEX numbers
HXSUB (HXA, HXB) Returns the difference between the two hex numbers
HXNEXT (HEXA, HEXFNL) Returns the next hex number in the path from HEXA to HEXFNL
HXLINE MHEXA, HEXB, N) Returns hex *N° hexes along a line between HEXA and HEXB
HXMOVE (HEXNUM, HEXFNL, HXA, HXB) Given a hex position (HEXNUM) and an end point (HEXFNL), sets

HEXA and HEXB to the two possible hexes next to HEXNUM on
the path to HEXFNL (HEXA may equal HEXB if a line toward
HEXFNL bisects a hex side)

MDIST (HEXA, HEXB) Returns the distance (in meters) between the centers of the hexes
GIMME (P, LB) ICOR space allocation routine for MIDAS data structures

16
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