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(A Simulation Model for the Elevator Queueing System)
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Abstract

Among the various types of waiting line systems, the elevator servicing system is quite
different from the usual queueing system in view of the service characteristics. For example, the
FIFO discipline is not always valid depending upon the situation when the direction of first-
come customer’s is opposite of the operating elevator direction and at that time a later-arrived
one has a luck to be served first.

In this paper, a simulation model is constructed and tested by the sample data and the
results have turned out to be fairly adequate. This model, therefore, will provide a good guide
to anyone who is interested in the decision of optimal location selection of no-passenger
elevator in high buildings whatsoever.

This model is also available, with slight modification, to the problem of city bus dispat-

ching or any other waiting line problems where the servicing equipments are moving.
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Mgk Z2OY 2ILE (“YE-— 270 s s8)

1,7 3d 44 =239

>>list

10 Rem ====== QUEUE, BAS ======
20 On Esc Goto Last

30 Integer 1, J, K, P, PlL, P2, P3

40 Integer Build, Recd, Inwon

50 Integer Q, St, Go, Le, Ri, Po

60 Short Time, Clck, Arrv, Lam

70 Read Build, Inwon

80 Dim Lamda(Build)

20 For I=1 To Build

100 Read Lamda (1)

110 Next 1

120 Dim Proba(Build, Build)

130 For I=1 To Build

140 For J=1 To Build

150 Read Proba(l, J»

160 Proba(l, @)=Proba(Il, 0)+Proba(I, J)
170 Next J

180 Next I

190 P3=0

200 For I=1 To Build

210 Mang=0

220 For J=1 To Build

230 Mans=Mans+Proba!l, J)

240 Proba (I, J)=Mans/Proba (I, O}
250 Next J

260 Next 1

270 Open¥W2, 14% "Q—-150-00, f1 "
280 Get¥W2, OWP, Recd

290 Randomize

300 I=2

310 Rem For I=2 To Build
320 Time=0

330 For K=1 To Inwon

340 Clck=-Lamda(l)*Log(Rnd (1))
350 If Clck=0 Then 340

360 Time=Time+Clck

370 Recd=Recd+1

380 Prbl1=Rnd(1)

390 . Gosub Goal ‘rt
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410 Call . Srch'rt (P)
420 Put®2, P1, P2WRecd
430 ® Time, K, I,J

440 Next K

450 Rem Next I

460 xLast

470 PutW®z, 0, 2#Recd
480 Close : End

490 *Goal ‘rt

500 For J=1 To Build
510 If Prbl<=Proba{l, J} Then 530
520 Next J '

530 Retura

540 Procedure ., Srch'rt (Q)

550 Get¥W2, QWATrrv, St, Go, Le, Ri
560 If Time<Arrv Then Do

570 If Le=0 Then Do
580 P1=Q

590 P2=8

600 Else

610 Call ., Srch ‘rt (Le)
620 Enddo

630 Else

640 If Ri=0 Then Do
650 P1=Q

660 P2=10

670 Else

680 Call |, Srch'rt (Ri)
690 Enddo

700 Enddo

710 Endproc

720 Data 9, 255

730 Data 150, 150, 150, 150, 150, 150, 150, 150, 150
740 Data 0, 20, 20, 20, 20, 20, 20, 20, 20
750 Data 20, 0, 20, 20, 20, 20, 20, 20, 20
760 Data 20, 20, 0, 20, 20, 20, 20, 20, 20
770 Data 20, 20, 20, 0, 20, 20, 20, 20, 20
780 Data 20, 20, 20, 20, 0, 20, 20, 20, 20
790 Data 20, 20, 20, 20, 20, 0, 20, 26, 20
800 Data 20, 20, 20, 20, 20, 20, 0, 20, 20
810  Data 20, 20, 20, 20, 20, 20, 20, 0, 20
820 Data 20, 20, 20, 20, 20, 20, 20, 20, 0
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10 Rem === o=ST==SoSSZSSSSRE=S==sS
20 Rem B3 57712 Ax4dFo] Y Q2
30 Rem ==S======s==s=co====-==oTS===S====
40 Rem Homef : 20 53712 f9x)
50 Rem Build : 4727 #3908 34
60 Rem Speed : 7719 9% 2PA¢
70 Rem Stage : ©31atE §P HaAL
80 Rem State : 47 7lol uigt 3 Atel
20 Rem Leave : ©4379 slits 719
100 Rem Maxps : ©73719 3o $4U¥
116 Rem
120 Rem Emptm : 32 $37] /AT
130 Rem Trant : §312 5737 PN
140 Rem Waitm : 5737 229 di7jAP
150 Rem Stopt : VP 37 HaAT
160 Rem
1706 Rem Flor : 473718 €A diz4
180 Rem Trgt : 4£7%3718 g EX35F4
180 Rem Site : 4771 i35 £¥YUY
200 Rem Intv @ $®olrt Hay Aat
210 Rem Side : I ZYo| VL= Ay
220 Rem Clck : 47371 2298 XA
.230 Rem Strt : 4771 19 Y454
240 Rem Goal : @77 12749 BX34
250 Rem Pers : 477 yx2 yg4ud
260 Rem Hold : 47719 iy 29
270 Rem Time : #7371 29X epYo]
280 Rem Numb : 737 Ye3x9 Q984
290 Rem =========================
300 Rem M A I N PROGRAM
316 Rem =========c=o===z==s=cszs=======
320 Imode : X=2,5
330 If X=2.5 Then Run
340 On Esc Goto Last
350 Read Build : U=2.
360 Read Homef, Maxps
370 Read Speed, Stage
380 Short Clck, Emptm
390 Short Time, Trant
400 Dim Leave(Build)
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410
420
430
440
450
460
470
480
490
500
510
520
530
540
550
560
570
580
590
600
€10
620
630
640
650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
800
810
820
830
840
850

Short Waitm(Build:
Filn®="0-100, FIL"
Open¥WU, 14%F1In$
OpenWEW "$LP "~
Short Stopt
Gosub Initial 'rtn
Repeat
Gosub Revolve 'rtin
Gosub Sitepro rtn

Until P=9999 And Leave(0)=0

And State(0, 0:=0

"iFln®

BWEW '=========zc=ssm=sz=sc=z==osx==s= ¢
OWEW "File Name
GW6W "Home Flor

GW6W "The Maximum s Persons

OWEW "The Number of Customer
OWEW "Empty Moving Time
GW6W "Transportation Time
OW6¥ "Elevator Stopping Time
OWEW "Customer Waiting Time
QWEW "Average Waiting Time
OWEW "

"tHomef"

"iMaxps

" Numb

"iEmpim

"iTrant

"iStopt
"sWaitm(®)
"iWaitm(0)/Numb

For I=1 To Build

@WeW " "i1: " Step Waiting Time = "iWaitm(D)
Next I :
OWEH '======c=so=sSoos=omsss=mssss=s=s=s
*Last ¢ Close : End
#Initial 'rtn : Rem($37l 9 27%W

Dim State(Build, Build)
. GetWU, PWA, B, C, D, E, F, P
@ AAB,C.D,E,F, P

GetWU, P¥Clck, Strt, Goal,E, F, P

Flor=Homef : Numb=0
Gosub Stat 'rt
Gosub Site'rt

GelWU, PWClck, Strt, Goal,E, F, P

Return

*Revolve ‘'rtn ¢! Rem{(EBHJZFE #& TAols)

Repeat

Gosub Opencls 'ritn

If Hold=1 Then Do
Intv=Stasge
Time=Time+Intv
Gosub Waiting rtn
Gosub Arrival rtn
Gosub Goinout ‘rin
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860
870
880
890
900
910
920
930
940
950
960
970
980
380
1000
1010
1020
1030
1040
1050
1060
1070
1080
1080
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
270
1280
1290
1300

*Sitepro ‘rtn

Enddo
Intv=Speed
Flor=Flor+Site
Time=Time+Intv
If Pers=0 Then Do
Emptmn=Emptm+Intv
Else
Trant=Trant+Intv
Enddo
Gosub Waiting ‘rtn
Gosub Arrival ‘rtn
Until Flor=Trgt
Return

Rem (3-8 Wiy A

If P=9999 And Leave(0)}=0 And State(®, 0)=0 Then Return

If Flor=1 Or Flor=Build Then 1040
Gosub Trgt 'rt

If Trgt#0 Then Return

Site=~Site

Gosub Trgt 'rt

If Trgt#0 Then Return

1f Homef#1 And Flor#Homef Then Do

Trgt=Homef
If Flor<Trgt Then Do

Site=1 : Else : Site=—1 ! Enddo

Else
Gosub Site 'rt

If Trgt=0 Then Gosub Goinout 'rtn

Enddo
Return

*Waiting 'rtn ! Rem«IT 2 oi7ii|Y AM

Waitm(0)=Waitm(0:+State(9, 0)xIntv
For I=1 To Build

Waitm(I)=Waitm{1})+State(I, 0)*Intv
Waitm(I)=Waitm!I[)+State(I, I)*Intv

Next I
Return

*Arrival ‘rtn : Rem: AW X a2 29 xj2))
If Time<Clck Or P=9999 Then Return

Repeat
Gosub Stat-“rt

If Intv=Stage And Side=Site And Flor=Strt Then
Waitm(Strt)=Waitm(Strt)+Time—Clck
Waitm(Zero)=Waitm(Zero)+Time—-Clck

GetWU, P¥Clck, Strt, Goal,E, F, P
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1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
14€0
1470
1480
1490
1500
1510
1520
1530
1540
1550
1560
1570
1580
1580
1600
1610
1620
1630
1640
1650
1660
1670
1680
1690
1700
1710
1720
1730
1740
1750

Until Time<Clck Or P=9999
Return

*Opencls ‘rtn : Rem(4 7712 Hiiol® #iAH

Hold=0

If Leave(Flor)#0 Then 1390

If Pers=Maxps Then Return

If Site=1 And State(Flor, Flor)#0 Then 1390
If Site#—1 Or State(Flor, Zero)=0 Then Return
Hold=1 : Return

*Goinoutl ‘'rtn : Rem:2B9 8}a}xie))

If Leave(Flor)#06 Then Do
Mans=Leave(Flor:
Leave(Q)=Leave0)—-Mans
Pers=Pers—Mans
Leave(Flor)=Zero
Enddo

*Input ‘'rtn : Rem(Y$o 172 S5 %9

If Site=1 And State(Flor, Flor)#0 Then 1500
If Site#~1 Or State(Flor, Zero)=0 Then Return
If Site=1 Then Do
T=Flor : Else : T=0 : Enddo
I=Flor
Repeat
I=I+Site
If State(Flor, I'#0 Then Gosub Proc ‘ss
Until I=1 Or I=Build
Return

#Site 'rt : Rem(47%71% F9U 13

If P=9999 Then Return
Stopt=Stopt+Clck~Time
Time=Clck
If Flor=Strt Then Do
Trgt=Goal
If Strt<Goal Then Do
Site=1 ! Else ! Site=—1! : Enddo
Else
Trgt=Strt
If Flor<Strt Then Do
Site=1 : Else : Site=—-1 : Enddo
Enddo
Return

*Stai 'rt : Rem(EXI RS 2}3F ¥irriehH

Numb=Numb+1
@ Using "###4## ", Numb:
If Strt<Goal Then Do
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1760 Totl1=Strt : Side=1

1770 Else
1780 Totl=Zero : Side=-1
1790 Enddo

1800 State(Strt, Goal)=State(Stri, Goal)+1
1810 State(Strt, Totl)=State(Strt, Totl)+1
1820 State(Zero.Zero)=State(Zero.Zero)+1
1830 Returna

1840 *Proc ‘ss : Rem(317® ©5 iz

1850 If Pers=Maxps Then Return

1860 If Pers+State(Flor, I1)>Maxps Then Do

1870 Mans=Maxps—~Pers
1880 Else

1890 Mans=State(Flor, 1)
1900 Enddo

1910 Pers=Pers+Mans

1320 Leave(l)=Leave(l:+Mans

1930 Leave(0)=Leave (0)+Mans

1940 State (0, 0)=State(0, 0)-Mans

1950 State(Flor, T)=State(Flor, T)~Mans
1960 State(Flor, I)=State(Flor, I)—Mans
1970 Return

1980 *Trgt 'rt : Rem(BE3° S20)
1890  Kk=Flor : Trgt=0

2000 Repeat

2010 Kk=Kk+Site

2020 If Leave(Kk)#0 Or State(Flor, Kk)#0 Then Trgt=Kk
2030 If State(Kk, 0)#0 Or State(Kk, Kk)#0 Then Trgt=Kk
2040 Until Kk=1 Or Kk=Build

2050 Return
2060 Data 9,3,10,2,5
2070 Rem == END PROGRAM ==
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