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Specifying the Lift Problem
with an Algebraic Method

Tetsuo TANAKA

Systems Development Laboratory, HITACHI, Ltd.

1099 Ohzenji, Asao-Ku, Kawasaki, Japan

.abstfuct: We propose hov to specify concurrent ﬁroblems with an algebraic method.
As an example, we have specified the Lift Problem by using the algebraic
language‘lqu designed by our research group. Qur experiment will also show us
advantages and disadvantages of fEql. We introduce the function "Proceed” that
controls synchronous actions = of the lift-system. The function ”Proceed” is a
clock for concurrent actions of all lifts and buttons in the system. The lift
system and 'its components (lifts and buttons) are described as an abstruct
sequential machine. The description-style makes specifications consistent and

complete,



1. BLBE

VI kY7 OMERE. BEICAOBEANICE
BT BHHEE LT, RENLERERFHZ. Zh
B, VIR 27 B ABREONEEMBT—
AR LT HA, HiIRTF—2HOBEEEAK
o TR#ETBZLILKY, VI 7D
YRS BAETHB. EHESE. REHLHRE
WS 88 Fql (AlgebraicEquational Language : A
—Xxa—-1)V). RU. TOLABROTO R
BAPEMRL. ZOHMEITR->TEE,
AT, AEHILLTY 7 FLGEMIE 2]
DEW. FhiEqickyigl. HFLHEOK
BRI B IERT 2. U7 FEMEDR
wWHI L UT. CSPPRLOTOS Itk 2H DA H 3.
CSP ok Bk, HBOU 7 b SIETREMIC
—f{OU T FEBAT-BUTHOBEETEI LV
SHTEMTWBED. BEOU T L PRI
MET Iz HAEREL TRV, Eqlic k38
BT, 70y 7Y T 2B Proceed & EFR
T3IricEY, £2TOY I RA7 0y JiCHEMY
LT, A BT 32w BoeRBTER,
7=, CSPRLOTOSTHRHEYSIBA4 XY hDOES
rnohnFoktRrkSgdTCRATIOT. H
BRI ARV L ORBAIRBETH 2. ZOH
BRI, ERAERMICERZ L TWSE D
ENERBLLT V., LnIBHERD. YT H
BRI D Bqlic K ARAEWL. HIFLHDH:
BERICB T A RoEHEERELE.

BF. 2. CAQOEELERA. 3.TY 7 b
WMMERE L 7O EqLic X A2TMBFIFRT. KIZ. 4.
TEADRMER RS,

2. EQBE

HHL UTEQORMT. RV, BHERET .

2.1 #/X
REMHERELTIR. REOHREHRT—X
BMrUT#RA 3. BEoMNEHFEREERD I BE.
FRLEXMTEEDIANEDTEDOLEE Y

—REERE., 7. HMIRF— 2B B ARED

{Th& spec {tHED;
TR ot s s
X var xl :: sl;
E eq tll :== t12;
t21 == t22;
end;

2.1 RKRENLEREZ0EACHITHER
RU s,sildVv— kg, fIEBIHA,
XIBHRTHD, £t jJITATH 3.

L REBEARY—va Y EER, BT, &

ﬁm&ﬁ%ﬁ%usﬁéﬁﬁoﬁ%&ﬁﬁé(&

BRERICKVEDShZFEOEE. RU. 20 L

TOARABGRE. RENERIEROBKIONWT

ek 4) E2ES5) 2 8BEhkEn) o Fk

Bt B 2FRE2M2. LILRT.

1) 8. v J2xF¥ 2. BREESEX. RV
HLAMABEOM<T, X, E>TH 5.

ZZTC. ZEXWHOLAEEERL, ER

FHOHRAELOAABEREEHET 2. BRI
. STHROEXRERL. ETZORK
PEBUTCVBLRBZLATES, v

2) VIRFYIRV—-—FOHEESS LEKRSHE
WEFOH<S, F>Th 3.

3) BARESHEHEFITEAHK<F u,s>wes*,ses
ThHY., MB4, e, HEEEET .

4) BHUEAHE X <XsD>sesThY. BRES

THDhAIEBLEDY — M2 EHT 3.
5) SREAERFAOHEES LOAAMEFKEEED S,

2.2 EEEQOEH

Bqlix, AROBFAHEPTE - FEOT X - HA
AoL»dombiEAELE. (1) &0
BEREE. (2) BB, (3) XS A2
8 (4) Y-rOBEBKRO 4 BOBEE X B4
LTwW3.




(1) BB EHE

R ERRT 28, ORI ERE
HOBEE. TOUBBTHENEVG SRS 5,
T, RERHERERART M. A2 EY 21—
WEL ZR S 2 MEEEFVBELPT L. HoE
EPF W, ThEERTIEREL LT, Eqlicfh
DHERIER (120FYVa—NICHY) 2HSE
BICR YA include® 3. OB
EEFLE.
HRATHRBERMYRKRE VL % 1EF2. 2
DEICWMYRTLHOLEBICRYATH 3 HEES
P includeDd b L icBIFTTEL,

(2) BB

HHRE BT 2RI EDIBZ Y-~ (BH.
XFH. RHEM. B, URANE) RUFDOLET
EHZNIE (+. —. &. cons®) &R
BEFOMAL LT, 2—¥FAEHETICELS
LEFTHE. T TCHEANRY - B L UBEK
FTNERERY — b, EREKLEU Eql O
HIABE LTz,
o BBV — N, EARBEEBEH#Prinitives|C ok
EhTV3LL., Zhh2MOHBETHVWG L &
X include Primitives 12 & - TEZDHEEICERY
At '

(8) X5 A — R P& {4
BIZEBBOY —F 4 > T XFEFOV—F 4
YID2FOUEBMEBIBE. V—-F1vILE
WEFROY—RDADNBRRIMBITIEL ARG
BRiCd, 20X &, ZOV—K 552
—SMETENEERITH 2 (HBESHESICRY
MRHLLUTHEWRTARZ) . 22T, Hqlloss
TA=BDEARY IR RMRTE ML BT,
BIXWE. V-F1 v OB EERT 5881,
V=FAYTLEVEROEHENT A—2{LL
TH2.30X5 /L LATES,
Bl2.31cEWT. SP,Eln,ordertt{R/35 A —
BTHY. SPLVSHABRDEInE WISV — D E
Fhorderb WHOMETY —F 4+ v IF52L%
RLTVW3LT2. FI2.1RTEIIENS
A—BRLRNTA-ZERATZZ 2 1L L VB

spec Ay [ pec B;
include B; ;' :
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spec SORTING[SP, Elm, order]:
include SP;

end;
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An n lift system is to be installed ina

building with m floors. The lifts and the

control mechanism are supplied by the manu-

facturer. The internal mechanisms of these

are assumed (given). The problem concerns

the logic to move lifts between floors

according to the fol lowing constraints:

1-Fach lift has a set of buttons, one for
each floor. These illuminate when pressed
and cause the lift to visit the corres-
ponding floor. the illumination is cann-
celled when the corresponding floor is
visited by the lift.

?-Each floor has two buttons (except ground
and top floor), one to request an up-lift
and one to request down-lift.These buttons
illuminate when pressed. The illumination
is canncel led when a |ift visits the floor
and is either moving in the desired
direction, or has no outstanding request.
In the latter case, if both floor request
buttons are pressed, only one should be
canncelled. The algorithm to decide which
to service first should minimize the
waiting time for both requests.

3-UWhen a lift has no requests to service, it
should remain at its final destination
with its doors closed and await further
requests.

4-All requests for lifts from floors must be
serviced eventually, with all floors given
equal priority.

5-All requests for floors within lifts must
be serviced eventually,  with floors being
serviced sequentially in the direction of
travel. .

6-Each |ift has an emergency button which,
when pressed causes a warning signal to be
sent to the site manager. The Tift is then
deemed ’out of service’. Each lift has a
mechanism to cancel its "out of service’
status.
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spec LiftSystem(M,N,P,C);
include Primitives,Lift(M, P, C),Button,
Event,Direction;

sort SYSTEM, EVENT_SEQ : sequence of EVENT;

op Main : SYSTEM,EVENT_SEQ -> SYSTEM;
Proceed . SYSTEM,EVENT -> SYSTEM;
FloorButton: SYSTEM,INT,DIRECTION ->BUTTON;
LiftButton : SYSTEM, INT,INT -> BUTTON;
Lift + SYSTEM,INT -> LIFT;

var s ! SYSTEM;
in : EVENT_SEQ;
e : EVENT;
1,f : INT;

eq

Main(s,in)} ==
if Null(in) then End(s)
else Main(Proceed(s,Head(in)),Tail(in));

FloorButton(Proceed(s,e),f,d) ==
if SomeLiftArrived(Proceed(s,e),f,d) then
Turn0£f (FloorButton (s, f,d))
else if FloorBottonWasPushed(e,f,d) then
TurnOn (FloorButton(s, f,d))
else
FloorButton(s,f,d);

LiftButton(Proceed(s,e),1,f) ==
if LiftArrived(Proceed(s,e),1,f) then
TurnOff (LiftButton(s,1,f))
else if LiftButtonWasPushed(e,1,f) then
TurnOn (LiftButton(s,1,f))
else
LiftButton(s,1,f);

Lift (Proceed(s,e),1) ==
if InService(Lift(s,1)) then(
if LiftMoving(Lift(s,1)) & - then
Arrive(Lift(s,1),1,LiftFloor(s,1),Nil):
else if LiftMoving(Lift(s,1)) & *-- then
Arrive(Lift(s,1),1,LiftFloor (Lift(s,1))
' LiftDirection(Lift(s,1)))
else if LiftMoving(Lift(s,1)) then
Pass(Lift(s,1),1)

end;
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spec Lift(M,P,C);
include Primitives,Direction;
sort LIFT;

op
/+ HHBE ~/ :
InService : LIFT -> BOOL;
LiftDirection : LIFT -> DIRECTION;
LiftFloor : LIFT -> INT;
LiftMoving + LIFT -> BOOL;
LiftPosition & LIFT -> INT;
Counter : LIFT -> INT;
/+ REBBEAR ~/
Arrive ¢ LIFT,INT,DIRECTION -> LIFT;
Leave : LIFT,DIRECTION ~-> LIFT;
Pass s LIFT -> LIFT;
Stop ¢ LIFT -> LIFT;
PushEmergencyButton : LIFT -> LIFT;
PutBackInService s LIFT -> LIFT;
var
1: LIFT;
f: INT;
d: DIRECTION;
eq

InService (Arrive(1,f,d)) == InService(l);
LiftDirection(Arrive(1,f,d)) == d;
LiftFloor (Arrive(1,f,d)) == LiftFloor(1);
LiftMoving (Arrive(1,f,d)) == False;
LiftPosition (Arrive(1,f,d)) == 0;

Counter (Arrive(1,f,d) ==

InService(Leave(l,d)) == InService(1);
LiftDirection(Leave(l, d)) == d;
LiftFloor (Leave(l,d)) =
if = Up then LiftFloor(l) +1
else LiftFloor(1) - 1;
LiftMoving (Leave(1,d)) == True;
LiftPosition{Leave(1,d)) == 1;

end;
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