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task.

The USAF Interactive Pallet Loading System (IPLS) is a
real-time system for the planning of loading pallets.
system used a combination of Dynamic Programming and Heuristics,
éﬁ ulong with user interaction to accomplish the pallet loading
The system is designed to be interfaced with the Base

Automated Mobility System (BAMS).

Examples are given.




FALLE !

Yatroduction

The JSAF Interactive Pallet Loading System (IFLE) is =n
intersctive comruterired swstem to a2scist in the slsnning of
loading rallets. IFLLS 15 desidred to interfice with the USAF
kase Automated Mobilitu Sgcstem (RAMS) data bace. The obdective
of IPLS is to automate the ralletizstion of the unit materiel
Jescribed in the BAMS data bases 3nd 1o mavimize the utilizm-tion
of the =available cube on the rallet. IFLS is rrosrammed in
FORTRAN IV on a FIF-11/34,. In what followss srevious effort: snd
current research on the rallet loading srohlem sre discussed
along with a derneral statement of the difficulty of the rroblem
ang the rhiloseorhical arrroach taken here. In the following
section the derneral structure and wse of IFLS is sresented. Thon
tre mathematical structure of the rallel loading alg€orithm is
12id outs, Finallys comments on the requirements to imrlement
IFLS in the "real worla® are discuscsed alomg with rotentizl
future enhzncements. IFLSy 2t this roints should be conzidered &
develormental sustem.

Background

The wallet loadindg rrablem ie related to 3 =roblem lond
studied in the Orerations Reseasrch literature! The Coutting Stock
Froblem, The catting stouk literature is not discussed here. higt
the interested reader 14 directed to 3 recent review rarer bw
Golden [S5]. The two-dimensional cutting sroblem (of which the
rallet lo=zding =roblem i 38 srecial case) has heen studied by
Chrictofides and Whitlock L1y Cilmore and Gomorws [47y Hahin 63y
arnd Herz [7], The two-~imensional cutting rroblem becomes the
#a3llet loadird =roblem when the reauirement for Iuillotine ture
cuts is drorred (i.e.rvstraight cuts made inm stades from one edse
to the orrosite edde of the obuect beind cutyr such 3s with 3
common rarer outter)., Steudel [9] studied the rallet loading
rroblen. Howevers his work was limited to the case where all
toxes have the same lensth and width. He develored a3 rrocedure
combining heuristics and duramic srodrammindg.

DeSha [2]» in an unrublished master’s thesisy develored =z
heuristic for loadind comtainers, His srocedure first sets ur
stacks of items to fit the contairner heighty then loads the
stacks in the container to mavimize the contairmer floor arez
covered, The heuristic arrears to obtain cuite dood results
using 3 data base with boves whose dimensions are rancomly
generated. The rrocedure does rnots howevers include
considerations of center of dravityy rositioning of bizardous
material in the contaimers or box manirulation (mo *this end ur®
assumetion).

The r3llet loading sroblem falls in the catedorw of eproblems
ralled NF-HARD £37. Conseauentlus a truluy efficient ortimal
stdorithm ic rmot likely to be forthcoming, In develorind an
arrroach to the rroblem that would be concistent with the
srecial needs of the USAFy it also became clear that it would be
highly desirable for the sustem to be interasctive. This would
allow 2 user to dsuide the solution of a3 rorticular loading
=roblem in order to desl with those uncuantifiable clements o€ a
*rezl world® loading rroblem. With tiese ocbservatrons in mind,




IPLS has been develored.

Structure and Use of IFLS

IPLS is structured in two rarts. The first rart is the "BAMS
Data Manirulator.® The second i: ihe *Fasllet Loading Frocedure."®
The Data Manirulator is a srecial rurrose front end "sorter®
that 3llows the user to obtain a3 set of candidate boxes for the
Fsllet Loading Procedure. The Dats Manirulator is structured on
the *menu®' arprroach and uses 3 series of data bases in order to
build the candidate set. The datas bases are riamed BAMS,DAT,
RAM1.DATr. .+ sRAM4.DAT» and PACK.DAT. BAMS.DAT contains 3 card
imade file of the Rase Automated Mobilitu Suystem Data (obtained
in the rresent case from Moodws AFR). EAM1.DAT is an unformatted
cory of RAMS.DAT. RAM2.DAT»...»BAMA.DAT are temrorary files used
in the selection of candidate boxes. FACK.DAT is used to store
the BAMS data for boxes sllocated to the rallet.

The meruy (ortion list) of the Nata Manirulator contains

seven ortions:

1. IDENTIFY THE LIST OF ITEMS
sllows the user to choose which scuadron increment(s) to include

in the candidate dats bsse. The load data for selected
increment(s) are read from RAMLI.DAT and writtern into BAM2.DATS
2. SORT FILE OF EOXES

allows the user to sort the candidate data base bu length-width
or height (see fidgure 13, 2nd note that user resronses are
circled)., This facilitates the choice srocess (rarticularlyg when
courled with ortiomn 4 in the meru). The sort is two rhase (i.e.»
if the primary sort is by heidght» the secondary sort is by
iendth-width within heidght,y a3nd visa-versa). A freauency
analysis of the box dimernsions is also rrovided on screen
(figure 13). The sort can be rerformed orn BAM2.DATy ... » BAM4A,DAT
3. SELECT SURSET OF ROXES FROM FILE

2llows the user to select from BAM2.LAT (BAMZ.DAT) and rlace the
desired boxes in RAM3.LAT (BAM4.DAT). Selection is made bw
inrutting 2 lower bound and usrer bound on the desired dimension
(lendth~width or height) for the selection rrocess. An
abbreviated frecuencs analusis of the box dimemsions is srovided
on screen {(figure 1h) to facilitate the choice rrocesss

4, VIEW A "BAMS®" FILE

32llows the user to view the BAML.DATs ... »BEAM4.DAT» arnd PACK.DAT
files (fidures 28 and 2b)

S5. MANIFULATE SPECIFIC EBOX(ES) IN FILE

3llows the user to eliminate box(es)sy to move box(es) from
RAM:.DAT to BAM«+1.DAT, or chande orientstion of boxm(es)
(fidures 3ar 3Iby and 3c)s

5+ STACK BOXES FRIOR TO FALLET LOADING

allows the user to crezte a3 file of "stacked® borxes (figure 4),
The bores are stacked, usimdg 3 Dynamic Frodramming “knarsschk®
code [8]y with the obJdective of maximizing the cube filled over
2 *base® box. The '"stacks® can themn be loaded using the Fallet
lLoading Frocedure,

9. STOF

terminates the Data Manirulator.




CHDOSE DFTION

o TDENTIFY LIST OF ITEMY

O SORT FILE OF ROXES

S SELECT QURSET OF ROXES FROM FILE

4, VIEW A "RAMS* FLLE

D MANIFUWLATE SPIICTFIC RrOX(ES)Y IN FILE
6. STACK BOXES FPRIOR 10 0l LB T LOAIIING

9. QToP
YRV V-V VR '
Wi TRAMD Yy "BAM3 " s 0K "IAMAT L3 40 (::)

FRAMARY SORT RY "LTH-WTH"y OR *HGT" EL!N;H!<::>

SECONDARY SORT BY L TH-WTH" » "HET " s OR NONE !LvUvHle<::>
LEHGTH-WIDTH-HETGHT AMAlL SIH ;

I yWeH  NOE  WEIGHT AREA-FT CURE-FT Loty NOF WETGHT AREN T JUw0

3 1 Q0. 11, Je 32 2 170. e :
4 3 125, 22 7 33 23 45657, 1o, SR
3 1 G 1 L 34 3 215, 7 e
10 4 1532, 34, 23, L3V 19 L1100, R e
11 ] 382, 23 26, A4S 5 307, A 220
. 2 1 89, 12 12 37 1125, 19, 39. b
13 4 220, ére 7 30 704, 34, 10-~.
14 1 130, . 10, 40 50, e L.
15 8 1019, 29. 36 42 52, A a.
16 14 1932, W 73 43 3 3165, 75 270,
17 27 2730, 114, lat. 464 1000, i1, AC.
18 45 4733, 241, 361, 47 1200, 15, 59,
19 42 E178. 223, 3353, 48 415, P S&.

300, 53,
130. 10.

20 23 3067 e, 187, 91
21 11 1680, 50, 38, &2

ot
[ ]
- *

22 600, 80, 144, 56 780, 11, 52 .
23 130, 5 19, 57 267, 9 41. .
24 535, 38, 74 58 600, 30, 146. o
25 625, Az, b, 61 215, 4, 22, ‘

2120, 31, 174,
2120, 31, 174, |

73 7 15, 67
73 3. 7 468

26
27

[ SRR = TN s TSP, X

28 400, 4, 10, 73 50, 1, 5, f
29 50, 2, 5. 74 55, 2. 14, ;
30 190, 9, 24, 92 39, 2, 2, |

(o e g (S I T I s S R R S O O B s S A N

{ 31 12 1484, 27, 70, 0
TOTAL 126 17431, 1368,

0' 00 00

Ftpure 1a




CHOOSE OFTION

1. IDENTIFY LIST OF ITEMS

2. SORT FILE OF BOXES

3. SELECT SUESET OF ROUXES FROM FILE

4. VIEW A °*RAMS' FILL

S. MANIPULATE SFECIFIC ROX(ES) IN FILE
6. STACK BOXES PRIOR TO FALLET LOALL

?. STOF

E1/2/3/4/5/6/VJ<::>
READI FROM °"BAM2", WRITE TO *EAM3*y OR
READ FROM "RAM3®, WRITE TO *EAM4°® [1253/3]'!
CHOOSE QFTION
1. SELECT ALL DATA

2. SELECT BY HEIGHT
3. SELECT RY LENGTH-WIDTH

?. RETURN
flri—?rl}y‘?]'@

LeWrH NO# LeWeH NO% LsWsH NO# LeWrH NO#
10 4 18 18 21 2 43 33
17 11 17 29 36 2 ¢] 0

CHOOSE UFFER EBOUND

~HOOSE LOWER BOUND

CHOOSE OFTION

Po IDENTIFY LLI5T GF ITEMS

SORT FILE OF BOXES

SELECT SHESET OF RBOXES FROM FILE
VIEW A "RAMSH® FILE

MANIFULATE SFECIFIC BUX(ES) 1IN FILE
STACK EOXES FRIOR T0O FALLET LOADING

STOF
ll/?/&/ﬂ/ﬁ/é/?]%::>
TT1 STOF

P SR

. o o

- o o

RS S

tigure 1b
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CHOOSE OFTICN

1. IDENTIFY LIST OF ITEMS

2. SORT FILE OF ROXES

3. SELECT SURGET OF BOXES 1™ FILE

4. VIEW A "ERaMS* FILE

S+ MANIPULATE SFECIFIC RBOX(ES) IN FILL
6. STACK BOXES FRIOR TO PALILET LOADLNG

9. STOF
[1/?/3/4/3/&’93?<::>

WANT *BAM1®, *BHAMI*»BAM3®, "IAMA "y U "PAUK"
E1/2/3/4/7]<::>

INCR ITEM CUBE LTH WTH HOT  WELGHT o S Taue

NR NR FT. IN. IN, IN. LRSS, AN 9143 (13
k001 Q046 8 17 19 43 200 0
K001 013 & 17 19 4.3 200 C 0
E001 008 8 17 19 43 120 0
EOO1 009 g 17 19 43 125 0
kOO0l 010 8 17 1y 43 12% 0
E0O1 011 8 17 19 43 125 0
EQCO1 012 8 17 19 43 100 9
EQCO1 007 g 17 19 43 8% 0
1041 002 ? 13 19 43 Y0 u
1041 003 b i3 19 43 Qo 0
LC41 004 ¥4 18 19 43 k&Y, (
LQ41 005 k4 19 e 43 Eas 0
1041 QO0& E4 19 19 33 Gl 0]
1041 007 i 18 1% 43 E2Y] 0
I1¢41 008 P 18 1 43 P 0
1041 009 ? 18 19 43 75 9
1041 010 9 18 19 43 Y 0
1041 011 4 18 19 43 b ¢
1041 012 K4 18 19 43 25 0
1041 013 9 18 19 43 @5 0

INCR  ITEM CUEF LTH WTH HGT  WEIGHT H  STACK

NR NR AN IN. IN. TN, LES, 7 OODE
1041 014 © 18 19 43 P 0O
1041 015 & 18 19 43 Qe N
1041 Qlé ? 13 19 A3 i 0
1041 017 @ 18 L& 43 o, 0
1041 018 e 19 i) 43 71 ‘ 0
1041 019 G 18 1y 41 47 0
[041 V20 3 17 19 43 100 0)
1041 021 g 17 L9 43 100 0
1041 022 3 L7 19 33 4 b >

Figure 2a




CHOOSE OFTION J

1, IDENTIFY LIST OF ITEMS

2. SORT FILE OF ROXES

3. SELECT SURSET OF BOXES FiuUM b UALE

4, VIEW A °*RAMS* FILE

5. MANIFULATE SFECIFIC ROX(LY) IN FILE
6. STACK ROXES FRIOK TO pALLLI UADING

?. STOF
(1/?/3/4/5/6/9J%:z>
WANT *BAM1°®s "EAM2®sBAM3 "y "BAMA*y O *FACK®
CL/727374/7) 'i

'NCR ITEM CULGE L WTH HGT  WEIGHT W STauk  LoC LEVEL

NR NR FT. IN, IN IN. LIRS, Z o conr . W I,

EOOL 006 g 17 19 43 200 0 3600

k001 013 8 L7 19 43 200 C 0 3300
; EQQ1 Q08 g 17 19 43 12% 0 7000
! k001 Q09 8 17 19 43 125 0 8700
E0O01 010 a8 17 19 43 1325 O LY
EOO1 011 8 17 19 43 125 0 1719
E0C1 012 8 17 19 43 100 Q 3419
EQOO1 007 8 17 19 43 S Q 3119
I041 002 Q 18 19 43 v44] 0 0
1041 003 ? 18 12 43 28 Q 1800
1041 004 b4 18 L 43 i3] V) 5619
1041 005 £4 18 1y 43 P8 Q 8619
Ivar 006 4 18 1% 43 25 D 33
1041 007 9 .5 19 43 93 Q 1938
I041 008 % 18 17 43 99 0 @38

|

TO S CTTOO T OO CTTOTT

10¢a1 009 9 13 L? 13 7% v H738
T241 010 & 18 L& 43 P 2 7634
i041 oill @ ig e 43 70 G 96 ¢
1041 o012 k4 18 12 43 Y9 V) 1856 )
1041 013 b4 13 1% 43 Py O 3608 0

: ITNCR TITEM CURE LTH WTH HGT  WEIOHT o STatk  1.0C  LEVEL
- NI NR FT. IN. IN. INs LES. 4 LODE L W IN.
3 1041 014 ? 18 1% 43 PO 0 9456 0

{ 1041 015 K4 16 1% 43 ?H 0 7256 0

E Figure 2b
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CHOOSE OFTION

1. JODENTIFY LIST OF ITEMS

2. SORT FILE OF EROXES

3, SELECT SUBSET 0F BRGXES FROM F1LIT
: 4, VIEW A *“RAMG" FILL K
& Se MANIFULATE SFECIFIC LOX(IS) IN FiIt.
: . STACK EBOXES FRIOR 100 FALLEDY LDADBIRNG
: » ¢. STOF
F [L/Q,A/J/u/d/vmt:;)
E CHOOSE OFTIGN

1. ELIMINATE A BOX

2+ COPY A ROX FROM BAMx.TIAT T0 RAMYY L. UAT

3. ROTATE SINGLE ROXy LVH TO HGT Ok WTH TO HET
f 4, ROTATE RBOXES FOR COMMON HELOHT

; ?. RETURN

E .’.‘J./:’/;‘-;/«)/S?]'@
]

MANIFULATE ERAM2y RAM3, (R BAM4 [2:3,41

INCR ITEM CURE LTH WTH HGT  WEISHT K STack

NR NR FT. IN. IN. IN, LES. 2 CODE

1. ROO1 006 8 17 19 43 200 0

2. ROO1 013 8 17 19 43 200 C 0

3, ROO1 008 B8 17 19 43 125 9

4, BOOL Q09 B 17 19 13 1) 0

5. EOO1 010 & 17 Ly AR A <

_ 6. BOOL 011 8 17 L9 43 125 v

1 7. BOOL 012 8 17 19 43 100 0
; 8. EKOO1 007 3] v iy 43 G J

9. 1041 002 o 18 L7 A 9 x

| 10, IG41 003 9 1 Ly 43 v ¢
] 11. 1041 004 ¥ 114 1y 43 P 9
A 12, 1041 005 G 1a L9 43 70 0
' 13, 1041 006 4 14 19 43 Eay ¢

‘ 14, 1041 007 9 10 19 43 2% Q

: 15, 1041 008 ? 18 19 4 i N

ENTER NUMGER OF ROX TO EL ELIMIMGY 0 e O 0, <1_'1N'TH«'I.;|:
1 ROXES ELIMINATED

28 BOXES REMATN IN BaMa, DAt

/’-H.‘KR'E ELIMINATIONS LY/NIY

Figure 3a !
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CHOOSE OFTION
1. ELIMINATE A ROX
2, COPY A ROX FROM BAMX.DIAT TO BAMEK+L.DAT
3, ROTATE SINGLE KOXs LTH 10 HGT OR WTH TO HGT
4. ROTATE BOXES FOR COMMON HEIGHT
9. RETURN
£1/2/3/4/9Jﬁ::)
COPY FROM "RAM2' TO "BAM3* OR
COFY FROM *EAM3* T0 *EAMA® :::'z/:.n'e
INCR ITEM GCUBE LM  WIH  HGT WEIGHT H STACK
NK Nk FT., IN. IN. IN. LES. Z CODE
1., BOO1 015 9 10 34 43 46 0
2. ROO1 017 9 10 36 43 46 0
3, ROO1 006 g 17 19 43 200 o
4. BOO1 013 8 17 19 43 200 C 0
S. ROOL 008 8 17 19 43 125 0
6. EOOL 009 8 17 19 43 125 0
7. BOO1 010 8 17 19 43 125 0
8. K001 011 8 17 19 43 125 o
9, ROO1 012 8 17 1y 43 100 0
10, EOOL 007 8 17 19 43 85 0
11, EAO2 012 5 10 21 43 30 0
12, EROZ 012 s 10 2 43 30 0
13, 1041 00D 9 18 9 43 95 0
. 14. 1041 003 9 18 19 43 95 0
* 15, 1041 004 9 18 19 43 9% 0
ENTER NUMEER OF BBX TO BE COFIED FROM *EAMZ® TO "EAM4°
OR 0 TO CONTINUF
|
INCR  ITEM CULKE  LTH  WTH  HGT WETGHT W STACK
NK  NR FT. IN.  IN.  iNe LES. 7 COUC
4. ECO1L 013 8 17 19 43 200 SR
| I BROXES COFIED INTO *BANA

COFY ANOTHER ERiOX [Y/Nﬂ?(::)

Figure 3b




CHOOSE OFTION

1. ELIMINATE A ROX

2. COPY A BOX FROM EAMX.UAT TO BAMX+1,DAT

3. ROTATE SINGLE ROXy LTl TO HGT OR WTH TO HGT
4. ROTATE ROXES FOR COMMON HEIGHT

9. RETURN
t1/2/3/4/93ﬁ::>

MANIFPULATE RAM2» BAM3, OR TAM4 L2,3+41 <::>

ENTER UPFER ROUND ON COMMON HEIGHT

ENTER LOWER ROUND ON COMMON HEIGHT

29 BOXES IN "EAM4" HAVE BEEN ROTATED

J DO YOU WISH TO VIEW *EBAM4" rY/N31<::>
‘ CHOOSE OFTION

1. ELIMINATE A EOX

2. COFY A ROX FROM BAMX.LAT TO DAMXEL . DAT

3. ROTATE SINGLE BOX, LTH 70 HGT OR WTH TO HGT
4. ROTATE ROXES FOR COMMON HEIGHT

?+ RETURNM
E1/2/3/4/9J<::>
i .

CCHOOSE OFTION

1. IDENTIFY LIST OF ITEMS

2. SORT FILE OF ROXES

3. SELECT SURSET OF BOXES FROM FILE

4, VIEW A *BAMS® FILE

He MANIFULATE SFECIFIC BOX(ESY IN FILL
&+, STACK BOXES FRIOR TO FALLET LOADING

?. STOF
L1728/ 08/90 "
71T --  S8TOF

Figure 3¢




CHOOSE OPTION

1. IDENTIFY LIST OF ITEMS

2+ SORT FILE OF ROXES

3. SELECT SURSET OF BOXES FROM FILE

4, VIEW A "RAMS* FILE

S. MANIFULATE SFECIFIC ROX(ES) IN FILE
6+ STACK RBOXES FRIOK TO PALILET LOADING

?. STOF
11/2/3/4/5/6/9]“<::>

WHICH FILE IS TO BE STACKED [2/3](::)

INCR ITEM CUBRE 1.TH WTH HGT  WELLHE i STACK

NK Nk FTs IN. IN. e, L1o. Z 0N
1 EOO1 015 ? 10 36 43 46 O
2 BOO1 017 K4 i0 34 43 46 0
3 BOO1 006 8 17 19 43 200 0
4 EOO1 013 8 17 1y 43 200 C ¢
5 ROO1 008 g 17 19 43 125 G
é ROO1 009 8 17 1v 43 125 G
7 B0O1 0190 8 17 19 43 125 ¢
8 EROO1 011 8 17 19 43 125 ¢
? ROO1 012 8 17 19 43 100 0
10 BOO1 007 8 17 19 473 09 0
11 EAO2 012 5] 10 a1 43 3¢ 0
12 EROZ2 012 5 10 21 4.3 30 }
13 1041 002 9 18 19 43 9%
14 1041 003 ' 18 19 43 % 0
15 1041 004 9 13 12 43 95 0

WANT ONE OF THESE FOR RAGE®
IF S0y INPUT NUMEBERy OTHERWILSE HIT "RETURI"{'

INFUT MAXIMUM FALLET HETGHY (INCHES)

INCR ITEM CURE LTH WTH HGT  WEIGHT H STACK

NR NR FTe IN. ING FiN (LI S COnE
14 1041 003 ? 18 19 4.3 9% ]
13 1041 002 9 18 19 4.3 ¢% 0

WANT TO PUT STACK ON BAMA.DAT EY/NJ{:Z)
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gnardinates) s eroviced. Soslin view sictyre of the booes
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L,oFb PACKEFO BOXES ON Al kD8I
i Tawn the vser Lo remove the *lozden® porcez from the Ram o Bl
corrent e bheing yeed andd claces them in the PACH . TAT f21le. T
nser Can srerife the Jeve] (herdnt Yy thzxt the hoves z2re to e
ziaced an The =a3llet, This facilitates multivle sasses of tne
rrebiang rontine wirile ITosding a g#2llet in *lavwers®
A, CRENCE L OOSE BOXES TN SOLUTION TOWARD ORIGIN
=1 1owa the zer tn *tighten® 3 rallet losd solution by shaiftan:
mir e Yowsry bine geeer leftohannd corner (mlan view) of the
“Plet ns o omarn as owassinde, A plan viow s=icture of the bouec
Versdeedd o Lhe rallet i rrovided ag o =n ortyrons andd
! ) EOPRERR N
3 terminztes the Fzallet Loading Procerure.

-

-
4

The following descrites 3 way of wsing the irls system.
Ascume that the BAMS.DAT file contains a list of eauirment
seprorriste to the rlanned mizs~ion., IV only 2 eartiazl list is to
be usedy the sustem "editor® cam be used to delete srecific
items from the file, Thern the "READNIT® erosram (see arrendi)
can be used to load the FAM1.DAT file from BAMS,DAT.

One arrroach to loasding (usind the suystem) would bes firat.
to i1identify 3 set of camdidate howxes for loadind and thern to
loard ths #3llet(s) with boues from the candidate list.

The first ster in identifuing 3 set of candidate boxes 15 to
use the THDENTIFY THE I.LIST OF ITEMS osrtion in the lata
Manisulator to select the sauadron irncrement(s) to be loaded on
the pellet(s), Thic results in a subset of the RAMS.DAT boxes
veing stored in the RAM2,DAT file. Nexls the boies should be
sorted using the SORT THE FILE OF BOXES ortion. By examining tre
i treaquenc< analysis of box dimensions (rrovided as rart of the
| corts figure 13)r the ucer starts to det an overall feeling as

to the rharacteristics of the set of candidate boines, Then usins’
the VIFW A "BAMS’ FILE ortion (fidure 23) the user can further
vrhance his bnnowleddge nf the (sorted) candidate set. At this

roint the user can take several different asrroaches to rallet
1nadindg. The followind ontlines three rossible arrrozaches.

1. Attemrt to select 3 set of boxes with a common heighte. This will
2110w the user to load 2 lawver of boxes on the eallet (using the
rallet loadind rrocedure), Thern hes/she can select another set of
hoses and losd anmother laver until the maximum rallet heisht is
reached (fidiure £a3),
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Figure 5
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Al LET
Attemert o melect zet of the | er hores withont reespc oy
commare citmenc1ans, e o load the #atiet, Sinee thoe tor- oof tiee
Dovoes crah bl w bl et be the coame cpaaahite 1wl be e ‘-
tor detane the tors of coch of the by o for zevertl hooes of

comann hersht Yy s *erllete® and sracecd o lood hoes an i

tvrs of the *r=1lets®. This ig easile done withan the ~troctor..

of the UYNAI AL routine simce bheoth lenath and width are user

inFat angd L' shared rallets can be srecified, Nombinastions nof

this and the srevious aseroach can he yzen to cnmrlete lo=sdin=

nf the wallet,

Z. Select <eots of boxes using the STACK BOXES PRIOR TO PALLED LOADINT
artion. Then use the F3llet Lozdind Frocedure to rosition the

=~tacks on the sallet (fidure 8t).

Fallet Loading Aldgorithm

The rallel loading =rocedure used in IFLE ran be descriteed
z5 a combination of the srincisles of Nunamic Programming (DLFO)
ang heuristics.,. A serendiritous by-rroduct of the ctructure af
this combination is that sositioning of harardous materisl zno
comsiderations of centeor of dravity can be handled without loz:
within the rrocedure, To underctand the srocedurey it is useful
first to consider a3 "hest® srocedure. Assume that 1t 1s
dasirable (no matter what the cost) to find solutions to the
two-dimensionasl rallet loading srablem which maitimize the area
covered on the rallet. In order to achieve this end» Duremic
Frogramming will be used., The following defimnitions will be
nzefuyl.

F = A rartition dividing the =3llet into two rarts (see
fisure ?2). The left-hand sub-rallet must include the
origin (0»0),y and the right-hand sub-r3llet must
include the woint (LeW).

i = The index of bowxes to be loadedy i=1ls.sirm,

1(i) = The lendgth of hox i.

w(i) = The width of box i.

S(i1) = The rrofile (shadow) of box i+ The rrofile is a3 rect-
andle with lemgth 1(i) and width w(i).

N = Set of all boues to he considered for loadindg

(of size nm).
I = Subset of the boxess 1s2seeernie
f(FyI) = The maximum area which can be covered of the left-
hand sub-rallet of F using the subset of bowes 1.

The Dunamic Frogsramming ecuation for the rallet lozading sroblem
can be diven as follows!?

(1) FP,T) = mase C1Cidkw(i) + F(P-S(i)»I-i)].
ikl

It should be noted that the notstion ‘F-S(i)‘’ rerresents 3
rartition whichy in 8 drarhical sensey is the sartition F with
a rrofile of box i1 removed from the ridght-hand edde of the
left-hand sub-rallet. Turically, there could be many different
realizatiorns of ‘F-S(i)’ that should be considered within a
dynamic ortimization. There are other cobvious difficulties with

- 16 -
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mElementing eavatior 1), The m

PALLET

ohvions - that tihe nomios

of roccible s=artition P oof the soellet 15 extremely ardge, T
means that the state z=vrace for the L. will remviire Yardn,

amounts of comruter storade. Tt also mozns

that the comruter

time reauirend to solve the D.F, livelw would be well bevoarnd oo
zenzible limit for resl world asslications,
One arrroach to adeveloring a more efficient srocedure 1 tn

limit 1n some way the form of the =rxsible
rallet, In the rrecent caser sartitions of

rartitiorns of the
the rallet hawve DeEe

Timited to rectandgles (figure 10sY. In order tn asroecifye the
lyniemic FProgram resulting from the rectsngulsr srartitionz, the
following additional definitions are needed,

Tt = Two-dimensional inde:x seecifwing 3 rectansgul =r
rartition (fidure é2).
J = Subset of the boress 12y, n,

CEGIERVE )

i

The maximum area which camn be covered of the left-

harnd sub-rallet of Mrv using the subset of bose 1.
NGy vy’ I) = The maximum a3res whiich can pe covered of the

left-harnd sub-rallet of ' »9’ less the left - ro

sub-rallet of ¥y« using boxes from the set T
(not. all elements of I necessarily 3re 1aeds

see fidure 10h) .,

The durizmic rrogramming eauation for the rallet lozading srohlen

(Mimitea to rectamndular sartitions) carn he

(2) S(7 ey’ y1) =

Fg(itogr ) + iy

given 23 follows!

Tyu’ e I-0073

The imrlementation of ecuation (2) also has its difficulties.
The functiorn h(yge’suw’s1) itself recuires an ortimization in
order to rack the L-shared 3rea common to the rartition 47 +9y’

bt rnot common to the rartition ey (i.e.e
zrea in fidure 10b)., The state-srace is sti
with on 3 sractical basis.

In order to limit the size of the state
decided to carrw onlwy one rartiasl solution
artition -y, The obvious choice is to car

max L[d(ougryId)],
I

With this limitation on the state sraces th
eauation (2) is relatively straightforward,
howevery to srecify seversl imrortant detai

1. an ortimization structure for hGryre

2. boundind rules for the elimination of

The ortimization for h(xsys 94’ vyI) i
breating the L-shared area into two rectandg
11) and fillind each area useins a oimrle D
followind definition is useful.

the cross—hatched
11 too large to deal

sracey it was
(g(y2+I)) for each
Ty

e imrlementation of
It is necessary,
1s first$

ey’ 1) ang
rartial solutions.

done simerly by

ular areas (fidgure
P rrocedure,. The
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Fipure  10b
Pallet With Twe Rectanpular Partitions
(x,y) and («',v")
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Fipgure 11
Two Ways To Break Up L-Shaped Area




TR The matcimum f osaibhle <rsce covered 10 3
rechonzalor cron of Ternoith b cboc b
tovies from the <ot L.,

Tee Doensmie Frogresmmins eanot .o for the rectaon-alar losdins
vronlen can e sSiven 3o follows:

B DY = may ThCs o)y U110 4Y 00 K0 C) T,

The imrlementation of ecuation (3) is achieved by first turninz
exch box in the candidste set so that its londest dimension is
sersrendiculsr to the lorng dimension of Line rectangulsr zarez (1f
the longest dimension of the box 16 less tham or ecual to the
chort dimension of the vectanmdular sreas that is)., This imsures
2 ortimal rackincg of the rectancsulasr area. The L-shared ares 1=
bioken 1nte twun rectangular areass (corrifdors) two different vz
(tidure 11) for the arslicztion of equation (I), The zlsarithn
retzins the best solution obtained.

A simerles and almost obviowusy bounding rule thst eliminatesc
2 arest deazl of the storzde recuiremente for the state srace 1z
that 2 r2rtial solution does mot need to be retsined for the
ez tition 2w i f there emicts = rartisl <olation for & rartition
ety {3z, w lzmw) such that the <olution value for /s’
(tman: [ 99’5 1I0]) 1s dreater tham or ecuzl to the solution
valme for e {masuldaCoyusI) 1),

Arnother effective biounding scheme 1¢ used to eliminate
comrutation times The following defimitiornn is useful.

c(dsx) = The maximum rocsible linear srsce covered in g lenzth
# by stacking boves from the set 1+...94,

The Iunamic FProdgramming eauation for the lirnesr losding rroblem
can be given as follows?

(4) c(dsrt) = maw Cold-1yy:)y o(i-1yx~-1C0)Y+1 (0]

Each box is considered bw both length and width as & candidate
for imsertion., The function c{rrx) srecifies the maximum linear
covera<de that is rossible on the line sedment LOyx]l choosing
from the set of hoxes 1s,.49ne For 3 rallet (rectangulsr
sub-#3llet) of size L by Wy 3n usrer bound on the maxdimum load
(coverase) rossible is clnsl)Xcd(riyW). The function cl(ns) can be
comruted Frior to the rallet loading and is ezsily imrlemented
within the structure of eaquation 2.

Since the solution rrocedure results in ihe boixes beindg
rlaced in corridors on the ralletr two serendiritous bu-sroducts
occur. Firsts since each corridor has a2t least one end on the
rallet rerimetery any box which contains harzardous material can
be rlaced at the end of the corridor (a3s rer USAF Regulations)
vithin the structure of the solution. Secondy 3€3in since boxes
can be moverd within their assidned covridorsy some control can
e mointained over the center of Lravity of the =a3llet within
the structure of the solution.
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Comments on Imrlementation
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In order to imrlement the IFLS suystem in the USAF orerating
environment, there are several recuirements that must he met,
Firsty there are two elements of data that must be added to the
EAMS data cet’s this-end—-ur informatiory and stachkindg carobilitey,
Observations of USAF rersonnel while sacking rallets indicate
that mang i1tems can be raclked any-end-ur while other items must
be racked this-end-ur. Adding an indicator for this to the EAMO
data base is imrerative to znu automsted racking scheme, There
are mang items that cannot have anuthing rlaced on tos of them
due to either strendgth or share considerations. Further ctudy
mag indicate that it is necescary for actuzl strength ectimotec
to be made. Howevery it is our observabion that the vast
madorits of items are either ®stackable® or nmot. With all tinis
in mindy 3n additiomal rarmeter of the following form wouwld he
zrrrorriate for the EBAMS data!

- Ang-End-Us and Stacksbled
This~End-Ur and Staclkables
Any—End-Ur and Non-Stackables andg
This~End-Ur and Non-Staclkable.

!

W= O

Secondy there is certzin ecuirment that would be most
vseful, The rresent sustem was develored using a2 FIF-11/34 with
the interfsce instrument beind either 3 *dumb® CRT termirnzl or 3
hard cory terminal., This ecuirment ressonably durlicates the
comruting sower (E-3500) and rerirheral eauirment rresently
avzilable st USAF base level., However, Comruter eaquirment has
revolutionized in the last ten gears., Due to its limited
comruting rowery and limited directly addresczble memorys the
FIF 11724 1s marsinally sdeauate for the Job., Test rroblemz run
orn the swstem 2re solved in anwwhere from 3 few seconds to -
ceveral minutes., Solution times are derendont on #3llet sire ani
the inrut datas (cet of hoxes to be lnaded). Faster CFU creede
would be desiresble,

The man-machine interfsce for the sustem would be dgrestly
fzcilitated with the wuse of a2 *smart® drarhics CRT terminzl.
Three dimensiaonal views of the rallet (with currently losded
bores) would zive the user a dgreat deal of insight into the
loeding rrocess, It is difficult to obtain that Ficd of insigit
from the sresent srimitive two dimensionzal slan lavout. In
edditiony 1t would he helrful to have the three-dimernzionsl
viewz of the rallet inm hard corw outrut in order to facilate the
actuzsl lozding rerconnel in imelimenting the slanned losa.

Finallwyy IFLS should he considereds, =t this atagey o= 3
nevelormental sustem. It has mot bheern totzllys "idiot =roofed’,
rnor 1€ 1t comrletely "user friendlae®. Mozt of the shovtrominzse
seyet because hardware has not boen srecitied for the real-life
cf=licetion, Once the artrorriste havdwsre hrg peoen tzigeted fom
the real-life arrlicationy these shortcomindg=s can be resdily
coarrtectea.

i
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