
































































































































































































CREATING AN ADVANCED ADVENTURE GAME : 'ROMAN' 

My first bug came immediately after RUN. I'd 
forgotten to set a variable while I was creating the 
database system. Since I knew which line number it 
was, thanks to the error message, it was only a 
question of printing out the value of each variable 
mentioned in the line until I found an undefined one. 

The program now ran, only I got no" room 
description. I escaped, and printed R, the room 
number. It was zero, not 2. A quick check convinced 
me l' d forgotten to load object zero's room to be 2 
('PRINT FNR(O)'). I was tempted to set it by 
'PROCR(0,2)' until I remembered that INIT is pulled in 
every game, and it's INIT that needed setting. In fact, 
it's good practice to set the main program's initial 
database as well, even though that never gets used. If 
you should make a blunder and lose INIT, you've got a 
back-up copy in the main program. So we 
PROCINOUT(1), giving INIT as the filename, and 
then PROCR(0,2), followed by a cautious PRINT 
FNR(O) to be certain. Then PROCINOUT(2) to put 
!NIT away again. 

This time I got the wrong initial message because I 
had mistyped m%'s value in the program? Then INV 
wouldn't work, because of a stray 'I' when I meant 
1% ... Note that I have yet to leave the first room. 
Simply by testing INV, LOOK, etc., you have tested a 
lot of code. 

Then came line 610. 1 had missed out a vital space, 
and so created a nonexistent variable. None of these 
bugs had necessitated a resave yet. I then tried 'OOH' 
to see how my parser handled a word it didn't 
understand. The program collapsed, owing to an 
infinite loop I'd misprogrammed in PROCW. 'TRACE 
ON' soon found that one. 

Then I ventured into the shop. No shopkeeper! I 
escaped and checked the state of the shop. It was 1, as 
it should be. So the message was wrong. This called 
for a little investigation of the message structure itself. 
First, I needed the message before 45, the faulty 
message. So I' typed 'PROCM(44)' and received, as 
expected, 'You're in the street.' The point of doing this 
was to set P% to point at the first byte of message 45, 
the one I was interested in. Now in immediate mode I 
typed: 

FOR IX = 0 TO 60: PRINT IX, PX?IX: NEXT 
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with CTRL/N on, which printed out the contents of 
P% and the next 60 bytes, all numbered . If you think 
about the structure, what we should see is a lot of 
ASCII codes for the 'You are in an old shop ... ',then a 
13 (carriage return for the end of the first line) then 
some more ASCII - the message takes up two lines -
and another 13. Next came the switches, beginning at 
1% = 51. These ought to have been - remember two 
bytes per switch, low byte first - 0, 0, 46, 0. They 
weren't. They read 46, 0, 0, 0. I'd put the switches in 
the wrong order! Now it was necessary to be 
methodical. I reloaded !NIT, putting the game into a 
pristine state. Then I typed 

PX?51=0 
PX?53=46 

which changed around the two message switches. I 
then did a *SAVE of the whole program again. 

Several more times I had to dive into the database 
and hunt up something silly. But most of the time it 
was just wrong BASIC! I found eventually, on using 
magic moves to test out the priest that I had switched 
the lion and priest in postprog: apparently I would die 
from the lion in the temple, and from the priest in the 
arena! You must test exhaustively, and not just by 
giving the program the instructions you expect it to 
accept. 

Sometimes the logic was wrong. I forgot to check if 
chickens were held before they were killed . . . I forgot 
to leave any exit from the first maze into the arena ... I 
somehow had defined the mouse as a light source .. . 
one room description said 'northeast' when I meant 
'northwest' . . . picking up a dead chicken still 
provoked 'the chicken flutters away', which kept me 
in giggles for some little time ... and so on. 

One problem you'll have to watch out for as your 
games get larger is the 'No Room' message. You can 
monitor how your space is going by sticking in the 

PRINT - !2 AND &FFFF 

around line 100. This will print out the top of BASIC's 
work space at the moment. It'll fill up gradually as the 
program uses all its procedures, and will then steady 
down. You print in hexadecimal, by the way, because 
you know 0% in hexadecimal; for no other reason. 

7.10 A listing of the (non-database part of) 'ROMAN' 
It's probably worthwhile to see the entire BASIC part 
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of the program in one listing, so here it is: 

8RE" ONERRORGOT01005 
9"0DE7:HI"E"=&29fF 

10NC=43:NT=27:NS=12:MX=&2A03:Z=&C00 
11oX=&2AOO:rX=&2A50:vX=&2050:tX=&2E52:sX=&2ED9:mX=&2F15 
15ZS=STRINGS(20," ") 
20FORIX=7T08:PRINTTABC10,IXl;CHRSC141J;"Ro~an Adventure":NEXT 
30PRINT'':PROCMC139) 
40PRINT'':PROCINOUT(1J:PRINT'' 
50QX=O 

100REPEAT R=FNR(Q):IFR<>Ql ORN0TfNRP<R,11PROCDR(R) 
110PROCRSPCR,1,1J:QX=R:FX=O 
200REPEAT 
210IFFX=OREPEAT INPUT'":"ZS:UNTILIS<>"" 
220PR0Clc 
230JX=INSTR(ZS," "l:IFJX=OXS=LEFTSCZS,4J:YS="":GOT0300 
240XS=LEfTSCLEFTS<ZS,JX-1J,4l:YS=RIGHTSCIS,LEN(ZSJ-JXJ 
250IFLEFTSCYS,1)=" " REPEATYS=RIGHTSCYS,LENCYS)-1l:UNTIL LEFTSCYS,11<>' 
260YS=LEfTSCYS,4) 
300PROCWCXS,1J:CX=JX:IFJX>OTHEN330 
310YS=XS:PROCWCYS,2J:DX=JX:PROCWCYS,3J:IFOX+JX=OPRINT"EH?":UNTIL FALSE 
320PRINT"What do you want to do with the ";YS;"?":INPUTZS:PROClc: 

XS=LEFTSCIS,4J:PROCWCXS,1l:CX•JX:IFJX=OPRINT"EH?":UNTIL FALSE 
330DX•KX:IFDX=OANDYS<>""PROCMC135J:UNTIL FALSE 
3400X=O:SX=O:IFYS=""THEN360 
350PROCWCYS,2J:OX=JX:IFJX>OELSEPROCW(YS,3J:SX=JX: 

IFJX=OANDDX<>3PROCM(135J:UNTIL FALSE 
360IFDX=1ANDSX>OPROC"C102l:UNTIL FALSE 
370IFDX>OANDDX<3ANDYS=""PRINTXS;'' what?":INPUTIS:PROClc: 

YS=LEFTSCIS,41:GOT0330 
380UNT!L TRUE 
400YX=FNL 
410FORIX=11T013STEP2:IFR=FNR(IXJPROCOSS(IX,1l 
420NEXT 
500FX=O 
5100NCXGOSUB2000,2050,2170,2250,2300,2360,2380,2400,2450,2550,2630,2650, 

2680,2710,2730,2780,2130,2840,2870,2070 
520IFFX=9PROCDIE 
530IFFX=1IS=YS:GOT0200 
540IFFX=2PROCNEWGA"E 
600PROCR(0,R) 
610IFYX=OANDNOTFNL ANDR<>QXPROCMC93l:PROCDIE 
620Il=?NX+1+(?NX=2551:?NX=IX:IFIX=35PROC"C94l 
630IFIX=50PROCMC95l:FORIX=2T022:PROCRSP(IX,0,0l:NEXT:PIOCISPC31,0,0) 
640IX=FNRSC1J:IFIX=OELSEPROCRSSC1,IX-1l:PROCMC96l: 

IFIX=1PROCMC97l:PROCDIE 
650IFFNSC13JPROCMC98J:PROCDIE 
660IFFNSC11lPROCMC99J:PROCDIE 
670IFR<>31ELSEIX=FNRSCRJ-1:PROCRSSCR,ll):IFIX=OPROCMC100):PROCD1E 
680UNTIL FALSE 

1000DEFPROCDIE:PROC"(136J:GOSUB2730:PROCNEWGA"E 
100SOEFPROCNEWGAME:PROCM<137l:INPUTXS:IFCASCCXSIOR321<>110RUN ELSEEND 
2000LX=FNRL(R)+DX-2:1F?LX=OPROCMC101J:RETURN ELSEJX=LX?1:GX=O 
20101FJX>OONJr.GOSUB6000,6020,6060,6090,6120,h170,6230,6260,6280,6300 
20201FFX=90RGX=1RETURN ELSER=?LX:RETURN 
2050IFSX>OTHEN3000 
2060IFR<>FNRCOXlPROCMC103J:RETURN 
2070IFFNPCOX,1lPROCMC104J:RETURN 
20801FFNRCOXl=1PROCMC105l:RETURN 
2090IFOX=2AND FNRS(RJANDR=4PROCM(1061:RETURN 
21001FOX<>3ELSEIFFNR<1Sl=1PROCMC107J:PROCR(15,0J:PROCRC3,11:RETURN 

ELSEPR0Ct'C1081 : RETURN 
2110IFOX=8ANOFNS(8)=0PROCMC109):RETURN 
2120PROCR(OX,1) 
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2130PRINT"OK":RETURN 
2170IFSX>OTHEN3000 
21801FFNRCOX)<>1PROCMC110>:RETUR~ 
2190!FFNRPCR,2lPROCH<1111:PROCRCOX Ol:RETURN 
2200IFOX=2PROCOSSC2,0l , 
2210IFOX=3A~OR=FNR(8)PROC~ 1 112l:PROCR(R 1J: PROCRC3 Rl:R ETURN 
2220PROCR COX, R): GOT02 1 30 ' , 
2250IFNOT FNP<OX,4lTHEN3000 
2260IFFNRCOXl<>1PROCMC110J:RETURN 
2270PROCRCO%,OJ :PROCMC113J :RETURN 
2300 IFSX=20X=10 
2310 IFFNRCOX)<>1PROCMC110):RETURN 
2320IFOX<>10THEN3000 
2330IFR<>SORFNRPCR,OlPROCMC114J:RETURN 
2340R=23:PROCMC11SJ:PROCR<10,0J:RETURN 
2360FX=1: I FYS=""PRlNTU;" where?": INPUTYS 
2370RETURN 
2380PROCDRC1):RETURN 
2 4001FNOTFNRP(R,3)PROCMC1161:RETURN 
2410IFFNRC5l=10RFNR(9)=1F7.=9:ZX=OELSEZX=1:R=37-R 
2420PROCJ'IC 117l: RETURN 
2450IFSl>OORNOTFNPCOX,3lTHEN3000 
2 460IFR<>FNRCOXIANDFN~COXJ<>1PROCM(103l:RETURN 

2470IFOX=11THEN2510ELSEIFOX=13THEN2520ELSEIFOX=8ELSEPROCMC120l:RETURN 
2480IFFNRC8l<>1PROCMC110J:RETURN ELSEIFF NR(5l<>1PROCMC121>:RETURN 
2490PROCOSS(8,1l:PROCOSPC8,3,0l:PROCMC122J 
2500IFR<>FNRC111RETURN ELSEPROCOSSC11,0J:PROCRC11 OJ:PROCRCS OJ• 

PROCMC123l:RETURN ' '• 
25 10PROCMC124l:FX=9:RETURN 
2520IFFNR(9l<>1PROCMC121J:RETURN ELSEOX=9:GOT02800 
2550IFOX<>4THEN3000ELSEIFFNRC4J<>1PROCMC110l:RETURN 
2560ZX=FNS(4) :IFZXPROCMC124+Hl :RETURN 
2570!FR<>4PROCMC127l:RETURN 
2580Z%=-FNPC4,5J:PROCMC128l:IFZ%=0PROCOSSC4,2l:RETURN 
2590PROCOSS<4,1J:PROCOSP(4,0,1l:PROCRSSC1,9l:RETURN 
2630PROCRSPCR,1,0l:RETURN 
2650FX=2: RETURN 
2680PROCINOUTC2l 
2690RETURN 
2710PRINT"OK, '"; YS;"' !":RETURN 
2730J%=0 
2740FORIX=7T014:IFFNPCIX,2JANOFNRCIXl=1JX=JX+10 
2750NEXT:JX=JX-10•CFNRPC19,1l+FNRPC22,1l+FNRPC16,1l+FNRPC27 1)1 
2760PRINT"You have scored ";ST RSCJXl;" out of 80":RETURN , 
?.780IFfNRCOXJ<>1PROCMC110l:RETURN 
2 790IFFNRPCR,3)PROCMC131l:PROCRC0~,37-Rl:RETURN 
2800IFR=27ANOFNSC13lANDOX=9PROCMC132):PROCOSSC13,0l:PROCRC13,0J: 

PROCRC14,Rl:PROCRC9,0J:RETURN 
2810IFR=31ANOOX=4PROCMC134) : JX=80:GOSUB2760:END 
2820GOT02190 
2840IFOX<>2THEN3000ELSEIFFNSC2JPROCMC133l:RETURN 
2850IFFNRC2l<>1PROCMC110l:RETURN 
2860PROCOSSC2,1l:GOT02130 
2870IFFNRCOXlP.=FNR(Oi.):RETURN ELSE3000 
3000PROCM C 102): RETU RN 
5080DEFFNOLCOXl=OX•S+oX 
50900EFFNRLCRXl=RX•24+r7. 
51000EFFNRCOXl=?CFNOLCOXl+2> 
51100EFFNSCOX)=?FNOLCOXJ 
5130DEFF~PCOX,PXJ:LOCALIX:IX=?CFNOLC07.)+1)AN02APX:=CIX>OJ 
51400EFPROCOSPC07.,P7.,I7.l 
5150A7.=FNOLCOXl:IFli.=0Ai.?1=AX?1AND(&FF-2APi.)ELSEAX?1=AX?10R2APX 
5160ENOPROC 
5170DEFPROCOSSCOZ,Ii.l:?FNOLIOXJ=I7.:ENDPROC 
5200DEFPROCRCOX,Ri.l:?CFNOLC07.l+2J=RX:ENDPROC 
52200EFPROCOOCOY.) 
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5230MX=?CFNOLCOXl+4+CFNRCOXl=1ll 
5240ZX=FNS(OXJ:PROCM(M?.l:ENDPROC 
5310DEFFNRS(R?.l=?FNRL<RXl 
5320DEFFNRPCRX,P?.l:LOCALIX 
53301X=? ( f NRL (R~l+1) A~D2AP'.:: = (I X>Ol 
5340DEFPROCRSP<RY.,Pr.,1Xl 
5350AX=FNRL(R7.)+1:1FIX=O?AX=?AXANOC&FF-2APXlELSE?AX=?AXOR2APX 
5360ENDPROC ' 
5370DEFPROCRSSCRX,I7.l:?f~RLCRXl=IX:ENDPROC 

5440DEFFNL:LOCALIX,J7. 
5450IFFNRPCR,0)THEN=TRUE 
5460IX=FALSE:FORJ%=1T015:IFFNP(J7.,0lANDCFNR(J%)=10RFNR(JXl=RlIX=TRUE' 

JX=15 
54 70NEXT: =IX 
5520DEFPROCDR<Rr.l :LOCAL U,J7. 
5530IFFNL OR R7.•1 ELSEPRINT"It is pitch dark":ENDPROC 
5540MX=?CFNRLCRXl+23+FNRPCRX,1ll 
5550ZX=FNRS(R7.l:PROCMCMXl 
5560JX=TRUE 
5570FORIX=1T015:1FFNR(I7.)=RX PROCD0(!1l:J7.=FALSE 
5580NEXT 
5590IFJX AND RX=1 PRINT"Nothing" 
5600ENDPROC 
5610DEFPROCMCMXl:LOCALIX 
5620!FMX=OENDPROC ELSE PX=mX:IX=1 
5630AX=?P7.AND&F:BX=?PXDIV16:PX=PX+1 
5640IFIX=MXTHEN5670 
5650FORD7.=1TOAX:PX=PX+LENSPX+1:NEXT 
5660PX=PX+2•BX:IX=IX+1:GOT05630 
5670IFAX•OPX=PX+1:GOT05710ELSEFORDX=1TOAX 
5680PRINT SPX:PX=PX+LEN$PX+1 
5690NEXT 
5710IFBX=OENDPROC 
5720MX=ZX:IFMX>CBX-1lMX=BX-1 
5730MX=PX!C2•MXlAND&FFFF:PROCM(~Xl 
5740ENDPROC 
5750DEFPROCW(XS,1Xl:JX=O:KX=O:UX=1:0N IX GOTO 5760,5765,5770 
5760HX=NC:PX=vX:JX=6:GOT05780 
5765HX=NT:PX=tX:JX=5:GOT05780 
5770HX=NS:PX=sX:JX=5 
57801FXS<FNSTR(UX,IXlORXS>FNSTR(HX,IXlJX=O:ENDPROC 
5790IFXS=FNSTRCUX,1XlMX=UX:PROCSET:ENDPROC 
5800IFXS=FNSTR(HX,Il)MX=HX:PROCSET:ENDPROC 
5810REPEAT IFCHX-UXl=1JX=O:KX=O:UNTIL TRUE:ENDPROC 
5820MX=CUX+HXlDIV2:IFXS=FNSTRCMX,IXlUNTIL TRUE:PROCSET:ENDPROC 
5830IFXS>FNSTR(M%,IXlUX=MX:UNTIL FALSE ELSE HX=MX:UNTIL FALSE 
5850DEFPROCSET:PX=PX+(~X-1l•JX+4:JX=?PX:IFIX=1THENKX=PX?1ELSEKX=1 

5860ENDPROC 
5880DEFFNSTRCMX,IX) 
5890IFIX=1TX=vX+6•CMX-1lELSEIFIX=2TX=tX+5•(MX-1lELSETX=sX+5•CMX-1l 
5900!Z=!TX:Z?4=13 
59101FRIGHTSCSZ,1 )=" "REPEATSZ=LEFTSCSZ,LENCSZ)-1) :UNTIL RIGHTSCSZ,1) 

<>" " 
5920=SZ 
5940DEFPROClc:FORAX=1TOLENZS:AX=ASC(MID$(ZS,AX,1llOR32 
5950ZS=LEFTSCZS,AX-1l+CHRSBX+RlGHTS(ZS,LENZS-AXl:NEXT:ENDPROC 
5960DEFPROCINOUTCIXl:PROCM(138):1NPUTYS 
5970SZ=YS+" 2A00":IFIX=1SZ="L. "+$Z ELSESZ="S. "+SZ+" 2050" 
5980XX=O:YX=&C:CALL &FFF7:ENDPROC 
6000IFFNR(7)<>10RFNRC12)<>10RFNRC14l<>1PROCMC76):FX=9:RETURN ELSE 

PROCM(77) :RETURN 
6020IX=FNRS(3):1FIX=ORETURN 
6030PROCM(77+IX):IFFNR<4l=1PROCOSPC4,5,1) 
6040PROCRSSC3,IX-1l:RETURN 
6060PROCRSS(R,Ol:RETURN 
6090PROCMC82+FNRP(R,0)):RETURN 
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6120IFFNRC2l<>1PROCMC83l:GX=1:RETURN 
6130IFFNS(2J=OPROCM(84) :GX=1 :RETURN 
6140PROCK(86l:RETURN 
61701FFNRS(R)RETURN 
6180IFFNRS(1l=OFX=9:PROCM(87l:RETURN 
~190PROCM(88l:PROCRSS(1,0l:PROCRSSCR,1) 

l

200IFFNRC4l=1ANDFNSC4l=1PROCOSSC4 2l:PROCOSPC4 O 0)•PROC~C89) 
210RETURN , , ' . 
230IFR<>FNR(6lORFNSC15lRETURN 
240PROCR(15,R):PROCOSS(15,1l:RETURN 
2601FFNR(2l=1FX=9:PROCM(90l:RETURN ELSERETURN 
280PROCRSPCR,1,0l:RETUQN 

6300PROCM(92l:RETURN 

7.11 The input for 'DATAGEN' 
It's.also useful to see the 'model' input to 'DATAGEN' 
which produced the version of the database I used. 
I've chopped it up into the appropriate sections. 
Where a blank line appears, a carriage return only was 

1) Objects - at &2AOO 
typed. 

2) Rooms - at &2A50 

1, 0 13,13 1, ROOM 1 0 
0 2 0 0 10 

0 10 1 0 w 
1 17 3 10 5,4 

10 19 10 NW 

4 20 27 0 6,0 

0 8,8 0 39 SW 

1 0 34 2, ROOM 2 12,0 

2, 2 3 14, 1 4 0 E 

0 4 0 0 3,2 

10 10 2 10 

4 15 10 II 47 

2 21 0 3,0 47 

4 24 35 6, ROOM 6 
40 0 3,3 9,9 36 41 0 0 0 15,1 5 3, ROOM 3 10 3 10 0 2 w 4 15 4 0 7,0 10 27 10 10 SE 6 28 0 E s;o 5 10,10 37 2,0 6 0 38 
N 48 4,4 10 0 31,1 48 

0 20 s 7, ROOM 7 10 29 4,0 0 8 30 w 0 7 11, 11 5,2 10 11 0 w 
5,5 1 42 8,0 
0 3 43 E 10 10 4, ROOM 4 6,0 
19 21 1 NE 
1 5 0 0 20,5 
16 31 10 
6,6 12,12 N 49 
0 0 3,3 50 10 2 8, ROOM 8 19 10 44 0 
17 22 45 0 18 32 5, ROOM 5 10 7,7 33 0 E 
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58 21,8 SW 
28,9 3) Verbs - at &2050 4) Things - at &2E52 7,0 26,0 14, ROOM 14 SW 73 SW s 

9,0 0 7,5 
23,0 73 catch pay braz coliseum 

0 29, ROOM 29 2,2 5,2 1 1 
51 10 68 SE 

q 
69 25,9 0 Q bronze door 51 N 

0 1,22 1 2 ,0 12 1 13,7 21, ROOM 21 NW 9, ROOl'I 9 down quit bust 0 24,0 2 ganopus 0 s 
10 1,22 12,0 1 0 15,7 0 12 

10 10 73 E drop run cat guard 
NE 59 w 73 30,0 3,2 6,3 3 1 
8,0 60 22,0 25,9 N e s chicken hole 
SE 1 5, ROOM 1 5 SE NW 26,0 1,8 1,12 8 1 
10,0 0 20,0 24,0 NE east sacrifice coin man 
w 0 D 28,0 1,8 9,2 10 2 
18,0 10 20,0 73 SE eat save cont rap oil 

N 73 28,0 4,1 13,0 6 1 
52 14,0 70 26, ROOM 26 s get say gladius pool 
52 71 0 2,2 14,3 1 ROOM 10 61 22, ROOM 22 28,0 5 10, 

0 0 SW give score gold shopkeep 
0 61 2 28,0 5,2 1 5 ,O 1 o 16, ROOl'I 16 0 14 

10 10 w go se helmet slave 10 o w 28,0 6,3 1,10 1 NW 0 E 2 
9,0 10 21,0 27,0 NW inv south javelin toll 
E NE SW 28,0 7,0 1 , 1 2 Q 2 
11,0 10,0 72 23,0 j Ufllp stop lion 
SW s 72 SE 73 8,3 12,D 13 16,6 17,0 23, ROOM 23 24,0 73 k i l l SW money 0 NE 30, RCIOM 30 9,2 1,14 10 53 62 0 25,0 0 light take mouse 53 63 2 

0 10, 1 2,2 1 5 11, ROOM 11 17, ROOM 17 10 73 2 look throw pi lum 0 0 E 73 11, 0 16, 1 10 9 0 0 23,9 27, RODI'\ 27 w move u priest 10 10 NE 
w 24,0 0 9,10 6,3 1,20 11 N 
10,0 16,0 NW 0 N n up ring 
E 24,0 10 2!1,0 1,4 1,20 7 
12,0 64 SW SW l'IE ne w sesterc 
SE 64 24,0 28,0 28,0 1,6 1, 16 10 
13,0 18, ROOM 18 E no rt wait silver 

0 73 74 28,0 1,4 17,D 7 
56 0 73 74 SE nw wear spear 
56 3 24, ROOM 24 28, ROOM 28 28,0 1,18 , 8, 1 9 1 2, ROOM 1 2 10 D 0 s west stump 0 E 0 0 28,0 1,16 4 0 9,0 2 2 SW zzm sword 10 10 

10 28,0 19, 1 5 NE 65 NW 
5,0 66 23,0 N NW zzt tabby 
w 19, ROOl'I 19 N 29,D 28,0 20,1 3 
11,0 0 25,0 NE 73 torch 

0 SE 28,9 73 4 
57 3 23,D E 

31, ROOH 31 trap 
57 10 NE 28,9 

2 6 
13, ROOM 13 24,9 SE 

0 wood 
0 67 28,9 

10 4 
0 67 73 s wreath 
10 20, ROOM 20 73 28,9 

75 14 NW o 25, ROOM 25 SW 
11, 0 o 0 28,9 

75 
s 10 o 0 5) Specials - at &2ED9 w 14,0 NW 2 

28,9 booth 21,8 10 
58 u NW 1 
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6) Messages - at &2Fl5 

These are laid out exactly as typed in, and fit fairly 
neatly onto 40-column modes. 

0, 1 
There is a brazi•r of glowing coals 
h•r•. 

2,2 
A h•lmet 

0 
3 
0,3 
<which you are wearing) 

0,4 
A military helm•t lies nearby. 

0,5 
A contented cat 

0,6 
A tabby cat frisks h•re. 

3,7 

8 
9 
10 
0, I! 
An unlit torch 

0,9 
A burninq torch 

0,10 
A blacken•d stump 

3,11 

12 
13 
14 
0,12 
A tap•r•d pi•ce of wood as long as 
your arm lies h•r•-

0, 13 
There is a burning torch her•. 

0,14 
There is a black stump her•. 

0,15 
A gladius 

0,16 
A vicious-looking gl•dius li•s h•r•. 

o, 17 
A trap 
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0,18 
Th•r• is • contraption of sharp iron, 
wood and ch•es• h•r•. 

0,19 
A ring 

0,20 
Th•r• is a silver ring, stol•n by the 
slave, here! 

2,21 

22 
23 
0,22 
A chick•n 

0,23 
A d•ad chicken 

2,24 

25 
26 
0,25 
A chick•n struts around, clucking. 

0 , 26 
A dead chicken li•s sadly h•r•. 

0 ,27 
A pilu• 

0 ,28 
So••on• has left a pilu• h•r•. 

0,29 
A sesterce 

0,30 
An old ••st•rce is on the floor. 

0,31 
A priest, his hands red with blood, 
looks at you expectantly. 

0,32 
A bronze bust 

0,33 
A bronze bust of Cicero is yours for 
the taking! 

0,34 
A roaring lion b•ars down on you, its 
jaws agap•! 

0, 35 
A gold wreath 

0 ,36 
The gold wreath of victory is her•! 

0 ,37 
A dead mouse 

0, 38 
There is a dead mouse h•r•. 

0, 39 
Yo u are carrying: 

0 ,40 
You' re at home. 

0 ,41 
You'r• in your house, which is poor but 
co•fortable. To the west lies a 
st reet. 

0 ,42 
You're in the street. 

0, 43 
Yo u are in a long east-west street. 
To the north lies the Senate, and to 
t h• south is a small shop. 

0, 44 
Yo u're in the shop. 

2, 45 
Yo u are in an old shop, with its exit 
nor thw•rds. 

0 
46 
0, 46 
A shopkeeper is keeping his ey• on you. 

0, 47 
Yo u're east of the Coliseum, a larg• 
c ircular building. A road around it 
l• ads northwest and southw•st. There 
i s a toll-booth west and a str••t 
ea st. 

0, 48 
Yo u're north•ast of th• Colis•um. 
Th • road goes w•st and south•ast. 

0, 49 
Yo u're north of the Colis•um. 

0, 50 
Yo u're north of th• Coliseum. Th• road 
go es east and west, and an archway 
le ads north•ast through some barracks. 

0, 51 
Yo u'r• northw•st of the Coliseum; the 
ro ad goes east and southwest. 
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0,52 
You're west of the Coliseum; the road 
goes northeast and southe•st. A 
valley stretches west, and a closed 
door bars the way east. 

2,53 
You're southwest of the Coliseum; th• 
road goes northwest and ••st. 

54 
55 
0,54 
To the southw•st is a dank, misty area. 

0,55 
To the southwest is some waste ground. 

0,56 
You're south of the Coliseum; the 
road leads •ast and west. A narrow 
lane go•s south•ast. 

0,57 
You're south•ast of the Colis•um; the 
road leads northeast and w•st-

0,58 
You're in a lane winding from northwest 
to south. 

0,59 
You're in the farm. 

0,60 
This is a crude farm with little 
furniture. Small holes dot the base 
of many of the walls. Doors lead 
north and south. 

0,61 
You'r• in an •nclos•d farmyard. The 
only exit is north. 

0,62 
You're on th• waste ground. 

0,63 
You are on some damp waste qround. A 
cottage is south, and th• road is to 
th• northeast. 

0,64 
You find yourself in a cottage, the 
hid•out of the slav•. The only exit 
is north. 

0,65 
You'r• in the vall•y. 

0,66 
You ar• in a vall•Y curvinq from th• 
•ast and •nding at a chasm to the 
south. A gully is visible across th• 
chasm. 
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0,67 
You're in a gully across the chasm, 
with no obvious exits. 

0,68 
You're in the anteroom. 

0,69 
You find yourself in an anteroom to 
the temple, to which steps lead up 
to the northwest. A passage leads 
back southwest through the barracks. 

0,70 
You're at the east end of the temple. 

0,71 
You are at the eastern end of an east­
west temple to Zeus, Stairs exit 
down to the southeast. 

0,72 
You're at the west end of the te•ple. 

0,73 
You're in a maze of Milling crowds, 
here for the Games, and jostling you 
about. 

0,74 
You are in the Coliseum arena, 
surrounded by excited crowds. A 
pastern gate leads southwest out of 
the arena. 

0,75 
You are in the Senate, a luxurious 
area, but unlit at this late hour. 
Ganopus •eets you by the bathing pool. 
Instead of taking your three 
treasures, he treacherously draws a 
knife and moves towards you to silence 
you forever! 

0,76 
As you enter, a group of senators 
leap on you, mistaking you for 
Caesar. They plunge their daggers into 
you as one man, before noticing 
their sad error. 

o, 77 
The conspirators have given up waiting 
for Caesar 1nd gone home. 

1,78 
You stride through a half-full patch 
of oil. 

80 
1,79 
You stride through a patch of oil. 

80 
0,80 
You and your belongings are soaked. 
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0,81 
The booth is closed, as the games 
don't start till dark. 

0,82 
The •an on the booth demands payment 
and won't let you in otherwise. 

1,83 
The guards see you are not a soldier. 

85 
1,84 
The guards see your helmet, but 
realise you are not a soldier. 

85 
0,85 
They bar your way. 

0,86 
The guards assume you are a soldier, 
and let you pass. 

0,87 
In the mist, an escaped slave grabs 
you and chokes you to death. 

0,88 
With a hiss, the mist condenses and 
extinguishes you. You catch a glimpse 
of a slave running away. 

0,89 
The mist also puts out your torch, 
worse luck. 

1,90 
A priest appears. "No soldiers in 
the te•ple!" he shouts. 

91 
0,91 
You are rapidly arrested and executed. 

0,92 
To your relief, you fall out of a 
door which is slammed behind you. 

0,93 
Thieves kill you while you flounder 
around in the dark, unfortunately. 

0,94 
The sun is setting. 

0,95 
Th• sun has set. 

0,96 
You're on fire! 

0,97 
You burned to a crisp! 

0,98 

The lion grabs you &nd eats you. 

1, 99 
The priest shouts "Imposter!" 

91 
0 ,100 
Ganopus' knife slits your throat. 

0 , 101 
You can't go in that direction! 

0 ,102 
You can't do that! 

0, 103 
That's not here! 

0, 104 
You can't take that! 

0 ,105 
You're already holding that! 

0 ,106 
The shopkeeper won't let you! 

0 ,107 
With a loud miaow, the cat jumps 
i nto your arms and scoffs the mouse. 

0 ,108 
The cat refuses to be picked up. 

0, 109 
Th e chicken flutters away from you. 

0, 110 
Yo u're not holding that! 

0, 111 
Th e object you dropped is soon lost 
among the feet of the crowd. 

o, 112 
The chicken, seeing the cat coming, 
gi ves a squawk and flutters up. You 
gr ab it and hold onto it. 

0, 113 
It tastes awful, but you force it 
do wn your throat. 

0, 114 
No body seems interested in that! 

0,1 15 
Yo u pay your sesterce and enter the 
cr owded Coliseum. 

o, 116 
Wh oopeee! 

2, 117 
Yo u leap across the chasm, and 
sc rabble for a handhold. 
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118 
119 
0,118 
Vou're carrying somethinq awkward, 
which causes you to miss your hold 
and fall to your death. 

0,119 
You find a hold and haul yourself 
to safe qround. 

0,120 
You can't bring yourself to kill the 
cat, alas. 

0,121 
You have no suitable weapon. 

0,122 
You slice its head off with the 
gladius. 

o, 123 
The priest nods approvingly, removes 
your gladius with a prayer, and 
leaves. 

1, 124 
You attack the priest, who calls 
loudly for help. 

91 
0,125 
It's already lit! 

0,126 
It's too damp to light. 

0,127 
There's nothing to light it with here. 

2,128 
You light the wood at the brazier. 

129 
130 
0,129 
It flares up, but rapidly burns down 
to a black stu•o. 

0,130 
The oily wood catches fire and burns 
smoothly, making a fine torch. Alas, 
your clothes are also soaked in oil 
and you catch fire too! 

o, 131 
You fling it across the chas• to the 
other side. 

0,132 
You hurl the pilum, killing the lion 
dead. It is dragged away, to waves of 
applause. A gold wreath is thrown 
to your feet by Caesar himself, who 
calls to you "Leave by the NEW exit!" 
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0, 133 
You're already wearing it! 

0, 134 
You hurl the torch into the pool. It 
sputters and dies, plunging the room 
into darkness. You grab Ganopus' 
knife in the dark and use it on hi• 
before ••king your escape. 
You still have your treasures! 
You've won! 

0, 135 
I don't understand that! 

0,136 
The gods welco•e you to Hades <i.e. 
you're dead!> 

o, 137 
Would you like another game? 

o, 138 
Type the filenam~ 

0,139 
You are a poor Roman and owe money 
to a swindler called Ganopus. He 
insists that you must ray him today, 
Harch 15th, by finding three 
valuable objects: one of gold, one 
of silver, and one of bronze. "Bring 
these to me in the Senate after 
dark and I'll forget your debt," he 
assures you. It is now noon ••• 
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8 
WHERE DO I GO FROM 
HERE? 

8.1 On plots and player enjoyment 
In this book, we've paid a great deal of attention to the 'nuts and bolts' of Adventure 
games. In this last Part I want to forget about programming almost entirely and pay 
attention to what makes or breaks a game, namely the plot. A game can only become 
a 'classic' if it is fun to play, mystifying, and periodically give the player that warm 
glow which comes from solving a well designed puzzle, without the aid of a crib 
sheet. The first rule to plot building i to forget almost entirely about game 
mechanics! Figure out the plot in words, not BASIC. Only when you've found 
something that holds together should you stop to ask if it's programmable. 

The easiest way to explain how to go about creating one of those convoluted, 
'multi-level' puzzle sequences is by giving an example of how it all begins. 

I start with a pair of concepts and let them interact to form the foundation of a 
puzzle; although a plot theme can serve equally well. In this case, let's start with the 
first concept I ever thought up, but develop it differently. I remember programming 
it on my local mainframe over several lunch hours, purely for my own amusement. I 
went home on a Friday evening, having mentioned its existence to one person. On 
return to work Monday morning, my message space was full of notes from people I'd 
never heard of, relating bugs they'd found in my mini-game! 

This concept is illustrated in Figs. 1 and 2. The idea was of an unclimbable cliff-face 
with an unreachable cavern, set high up and leading into the cliff. How was the 
player to reach it? He is provided with a long horizontal plank, several 'rooms' long, 
just off the ground and parallel to it. By 'room' I mean a describable area, not 
necessarily a real room. The plank is easily accessible along its entire length from the 

203 



WHERE DO I GO FROM HERE? 

sheer cliff 

cavern 

~ledge 

pivot player 

ground, and can be walked upon. Near one end is a pivot. fixed to the cliff, .on wl~ich 
the plank can theoretically turn. On the other side of the pivot 1s a bucke~ wit~ a fairly 
wide opening, but too narrow for the player to enter. Scattered around m fairly easy 
reach are a collection of extremely heavy objects, each as heavy as the player: an old 
lead bath, a locked coffin, and so on. 

To reach the cavern, the player had to climb onto the pivot with one of the heavy 
objects and drop it in the bucket. As you can imagine, this weight causes the whole 
affair to tilt over, as in Fig. 2, with the plank now reaching seductively up to the 
cavern. All the player has to do - apparently- is to walk along and up the plank for 
several 'rooms' until the cavern entrance is attained. 

That's the original concept in full. I wanted to create a problem where the geometry 
of the game could be drastically modified by the player's actions. Now, what can we 
do with the concept? Put another way, how can we make it more difficult for the 
player? 

First of all, does it stand up to the Jaws of physics? Well, no, not really! Remember 
that the weight in the bucket is about the player's weight. Simple balances for levers 
will convince you that once the player has walked more than one 'room' along the 
tilted plank, his weight should cause the plank to tilt back downwards, throwing the 
player into the air with fatal consequences. 

That's easy to handle. We allow the player to walk safely along the plank only the 
same number of steps as the number of heavy weights he has dropped in the bucket ­
so, in Fig. 2, three weights would be needed for the player to make it safely to the 
cavern. Obviously the player can only carry one of these weights at a time, which will 
make carting them around difficult; so a mental note is made not to leave them too far 
from the bucket (unless, of course, we can use one of them for another puzzle) . Also, 
climbing the plank while carrying a heavy weight should be made fatal - the plank 
will break. Finally, let's make the plank break underneath the player just as he gets to 
the cavern, thus blocking his return . There will be another way out, even if we 
haven't thought of it yet, but creating a little honest worry in the player's mind never 
comes amiss! 
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On the face of it, we've exhausted the concept of the plank and pivot. It remains a 
single puzzle, certainly not one of those convoluted puzzles, which can take days to 
solve rather than minutes and usually involve interaction between more than one 
puzzle or concept. 

Let's now consider what the player might find when he gets into the cavern. 
Obviously we must confront him with a problem whose solution will require the use 
of some object, objects, or information which he should have brought with him from 
below. Let's keep it simple. The cavern is a corridor leading into the cliff, ending in a 
huge sheet of glass, as in Fig. 3. (Ignore the alcove for a moment, we haven't thought 
of that yet). Beyond the glass, fish are swimming. (It was Alfred Hitchcock who said 
that for maximum enjoyment, an audience should be primed with all pertinent 
information before the denouement.) For the fun of it, let's put a large plug with a 
handle right in the middle of the glass . Given the facts, how is our player to get past 
the glass? 

J Plan of corridor glass sheet -
plug 

x Indicates an area, or 'room' x N 

corridor 
alcove 

x x 

ledge 

Now put ourselves in the player's place. After making a save of his positio~, the 
player will obviously try 'break glass' or 'pull plug' or 'push plug'. Equally obviously 
he'll be drowned as the glass breaks and the water pour~ o".er him. He'll. n.eed a ~o~l 
for survival; so we give him an old diving suit. We can ms1st that the d1vmg suit 1s 
actually worn to avoid drowning when he pulls the plug. 

Yet, that seems too simple a solution. Sur~ly the force of the water would swoosh 
him out through the corridor and over the cliff. Now that woul.d be rathe~ good. Our 
player finds out the hard way that breaking the glass.dr~wns him; he realises that t~e 
old diving suit he saw earlier would be useful; cames 1t up the plank and wears 1t, 
tries again, and dies a different way! Excellent. If we can only make it m~re difficult to 
get the suit up to the cavern in the first ~lace, he'll be even more certain he has t~e 
solution . (Have you noticed that we don t have a soluho~ yet?) Our next problem is 
to stop him carrying the suit up the plank. How? A slippery patch between t~e 
second and third 'rooms' on the plank will do fine. When he is not carryu:g the su1~, 
he can be warned that he nearly fell over because it was so slippery. Wean~g the suit 
makes him so clumsy that he does fall off. What if he tries throwing the suit past the 
slippery patch? In that event, we must make it fall to the ground. 
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The astute player will wear his suit while climbing, thus avoiding the problem of 
clumsiness. We should applaud such astuteness by allowing him to get so far, but no 
further. If the suit is old, it won't have much oxygen left, each 'beat' that it is worn 
uses up one notch of oxygen . If we arrange the solution so that it requires all but one 
notch of the suit's oxygen, then walking up in the suit will use up a minimum of two 
notches (one to wear it, one to walk past the slippery area) . The longer we can keep 
the player convinced that he has the solution, the more frustrated he will be when he 
finds out that he does not have it (and the more he'll appreciate his efforts when he 
finds the real solution). 

So how does the player get the wretched suit up to the cavern, and what does he do 
with it there? Let's use the motion of the plank. If he leaves the suit on the end of the 
plank nearest the cavern and then goes and drops the weight into the bucket, it'll be 
waiting for him when he gets up there. But, no, that won't do, because we were 
going to have the plank break just as he reached the end, and we don't want to give 
him a game-turn to pick something up. So instead, we can have the suit thrown 
upwards by the plank and land on the ledge, as in Fig. 4. A fine solution, but indeed 
he'll never think of it! So how can we suggest it to him? 

4 Flipping up the diving suit 
,___~~"--~~~---~~~~------~~, 

diving suit 

Thi~ brings up the aspect of fairness to player . If a solution is in any way unlikely, 
or difficult to think of, then the player has to be given a clue. Now presumably he' ll 
have messed around with that plank Jong before he gets to the stage of worrying 
about the suit. So when the plank tilts over, we can add a message about 'Particles of 
rubble on the end of the plank shoot up and land on the ledge', modifying the 
message if there were any objects on the end of the plank. This will plant a clue, but 
far, far before it can be used. (Another rule: give clues, yes, but it' s quite fair to 
provide them well before they are useful!) 

Now both the s~it and the player are up in the corridor. How can the player break 
the glass and survive? 1f he could only be out of the way of the water's rush when it 
came, he c~uld survive. So clearly he needs to be a little distance from the plug or 
glass when 1t breaks. Hence the corridor structure: if he can break the glass from one 
room away, he has every reason to hope for survival. He won't succeed, of course ... 
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To pull the plug from some way away, we must supply a coil of rope, and let him 'TIE 
RO~E' to .the plu~. He can then back away, keeping hold of the rope (mental note: 
th.at ll be interestmg. to program!), put the suit on, and try 'PULL ROPE' . The plug 
will come off, breaking the glass, and the water will pour out, filling up the area in 
~ront of the glass . If our player stands there stupidly, the water gets him next turn 
instead of the one when the glass broke - but not quite with the same results. 

Th~re's an~t~er important point about puzzles. The player is now very near the 
solution, and 1t 1s vital that he be told this , or else he'll never find the real solution. So 
when the water hits him, he should get a very different message from what 
happened before. Something like "The force of the water has much decreased, but 
you're still swept out and over the cliff" will do. He has to realise that he's nearly 
correct, that's all. 

His solution, given this knowledge, should now be obvious to him . He can't back 
away any further, because the geometry won't let him (i.e. the corridor hasn't any 
more rooms). But he can dodge sideways, into the alcove. So now he tries this, with 
'PULL ROPE' ("The glass breaks, and water begins to pour .. . ") followed by 'WEST', 
or whatever, to get into the alcove, which gets a "Just in time, too! The water 
swooshes past the end of the alcove, carrying rope, plug and everything in its path 
over the cliff. After a while, the waters die away." 

Did you notice how we avoided handling that awkward rope with a plug tied on 
the end? This cleaning-up operation is easy to program and saves us much labour. 

Now, how many notches of oxygen does that take? 'WEAR SUIT' is one; 'PULL 
ROPE' is another; 'WEST' is a third . One more for kindness is four notches of oxygen 
which we must supply-after that he starts choking, and must drop the suit. So as we 
surmised, if he wears the suit on the way up, he'll run out of oxygen too soon to solve 
the problem! 

8.2 More on plots 
There's a whole lot more we can do with this puzzle, both before and after the 
set-piece itself. 

First of all, we can seek to use objects in unfamiliar ways . That avoids the dreadful 
setup typical of so many Adventure games in which the solution to every puzzle is 
'do action A with object B'. At one level, this must always happen -you have to say 
something in the game to achieve your ends! But we can make it fun, too. Well, what 
objects have we so far? The two objects in the game (the suit and the rope) plus the 
heavy weights, have all been used 'normally' : you would expect to wear a diving 
suit, tie a rope, and so on. 

Can we add to the player's enjoyment by using some of these differently? For 
example, what of the heavy weights? Suppose we protected the diving suit against 
discovery by having a large scorpion run out and sting the player when he tried to 
take the suit? We could allow the player one game-turn to avoid the threat. This is 
rather a nice puzzle, as the obvious solution - put the suit on to protect your skin - (a) 
will not be allowed (the scorpion gets you anyway) and (b) wouldn't work as it would 
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waste too much oxygen. If the player tries throwing something at it, it can 'bounce .off 
the scorpion's scaly hide'. This again is a non-null response from the game "."h1e.h 
signals to the player that he's on the right track; what. he s~ould have. tne~ 1s 
throwing (or dropping, if we feel kind) one of the heavy ob1ects. There 1s a sickening 
squelch, and a foul odour of squashed scorpion ... ' 

On the same lines, can we re-use the suit? How about having a door some way 
beyond the glass area marked 'OGRE - DO NOT DISTURB', and a pair of glasses 
hanging high up by the door. The door is unopenable, but 'KNOCK' produces an 
irritable ogre who peers out short-sightedly, grabs his glasses and puts them on, 
mutters 'Oh, there you are!', and eats the player. The solution could be to jump up 
and grab the glasses (the noise from which brings the ogre anyway). But provided 
the player has left the suit standing up in the room, when the ogre enters, he can't 
find his glasses, so stares around until he sees the suit. Being short-sighted, he 
assumes it's the player and grabs itand eats it, while the player slips past him. Again, 
we must signal this to the player when he's near the solution. So if he's tried taking 
the glasses, but hasn't left the suit on the floor, we provide text like "~he og.re peers 
around until he sees a man-sized object - you!" Or perhaps something a Little less 
blatant; it depends how kind you're feeling! 

This puzzle is an example of another key feature of Adventure game plots: 
interaction with other beings. Nothing is worse than a lifeless game in which the 
player meets only objects and words which he must manipulate to achieve ends. 
People make a game much more-friendly. 

Another, unfortunately rather rare Adventure problem is apparently no problem 
at all! Suppose, as is often the case, it was fatal to move without a light from one dark 
area to another. Further, suppose that the player was not allowed to carry anything 
else while carrying one of our heavy weights. We, the game's creators, then put a 
weight inside a dark region. The problem? to get the weight to the bucket? The poor 
player sees no problem at all, until he tries to do something. (The solution? Drop the 
lamp one move towards light from the heavy weight; move to weight, which is from 
a lit area and therefore safe; pick up weight; carry it past the lamp one move, which is 
also safe; drop the weight; get the lamp and piggy-back it past the weight one move; 
drop the lamp; etc., until daylight is reached.) 

A similar example might concern a maze. Most mazes, as we have seen, are 
collections of contiguous areas, all of which share the same description. We all know 
the sinking feeling of 'You are in a collection of twisty little passages, all the same'! 
However, mazes can be made much more interesting, especially if the player is 
encouraged not to recognise the area as a maze. Suppose the maze was no more nor 
less than a room description which 'does' nothing at all. While manipulation of some 
object in the game becomes the cause a reaction which can enable the player to trace a 
tortuous path to reach his goal. Alternatively one could organize a what appears to be 
a maze solution, but is in fact a complete red herring. We have already met a maze 
which cannot be mapped the usual way - by dropping objects - because for some 
reason the objects won't stay put. Concocting such mazes is one of my delights in 
programming, I must confess. 
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One can also set explicit puzzles. For example, a piece of code written on a wall, 
which must be deciphered before the player can make use of the information it 
contains. Since not all players are expert cryptanalysts, a collection of equally cryptic 
hints must be left around to enable a player to decipher the code. Walls are very 
useful here; graffiti writers have a field day in Adventure games. By scattering the 
hints suitably, it may take the player a long time before he figures the solution out. In 
cases like that, placing the code near the player's starting area adds to the 
puzzlement. 

Two other sources of puzzles are mathematics and thematic problems. The former 
can be disguised, and yet based firmly on some well-known mathematics problem, 
theorem, or whatever. With a little thought I suspect even Pythagoras' theorem 
could be made to serve for a puzzle. (Now there's an idea! Suppose our rope was five 
rooms long, however that's measured, but we have to pull it around two sides of a 
right-angled triangle, sides three and four rooms. Yes, there might be something 
there . .. ) Thematic ideas often provide the smaller, 'filling-in' problems, essential to 

Adventures. After all, not every puzzle should be earth-shatteringly difficult, or our 
players will never get anywhere! So a few of the 'you can't do this until you've done 
this action' puzzles, which stand alone, are important, and can often be added while 
the main plot is being written down in legible form for the first time. That rope, for 
example- can we make it a little harder to get? It could be holding up a rotting corpse 
on a gallows, perhaps. But the stench of the corpse drives the player back. Could 
'HOLD BREATH' be the solution? Or an approach from another direction to avoid 
the prevailing wind? The point is that (a) the problem stands alone, involving no 
other objects or problems and (b) it isn't too difficult. 
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Al What you need to know about bitwise logic 
In the latter half of this book we have made frequent use of bitwise logical operations 
to insert, modify, or retrieve single zeros or ones from a byte holding eight 
properties. This technique uses what is known as 'bitwise logic'. This appendix very 
briefly discusses what is going on, but takes the subject only as far as we need. 

When, in Part 2, we accessed individual digits in a decimal number, we had to use 
arithmetic operations to get at or change the digits. If we work to any base other than 
10, we can stiIJ use arithmetic if we wish. Thus, to retrieve property 3 from a value 
X%, say, we can use (X% DIV 4) MOD 2. Here the 4 is 2 to the power (3 - 1). 
However, the beauty of binary storage - apart from the saving in space- is that there 
are neater ways of accessing the digits using bitwise logic. 

You'll have used AND, OR, etc. in your other programming. They act on two 
logical expressions, each of which might be TRUE or FALSE, and produce the 
appropriate logical answer: AND yields TRUE only if both expressions are TRUE, OR 
gives TRUE if either expression is TRUE. You're less likely to have used them for 
comparing individual binary digits, although this is fully covered in the manuals. 

Suppose we have the contents of two bytes, stored in X% and Y%. These, 
remember, are numbers, not logical expressions! What, then, is the result of X% 
ANDY%? Well, what happens is that BASIC writes out X% and Y% underneath 
each other, as if they were each a string of eight binary properties. For example, we 
might have: 

X% 0 0 1 0 I 1 0 I 
Y% 0 100 1011 
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X% AND Y% is then evaluated by going through each vertical pair of digits and 
doing an AND on them. So the result for each pair is 0 unless both digits are l's, 
giving X% AND Y% as 

X% AND Y"o 0 0 0 0 100 1 

because only the l's pairs yield l's for answers . The answer is then treated as binary, 
giving 1 lot of 2 cubed plus 1 unit = 9 in base 10. 

We can also try X% ORY%, where each pair of digits gives 1 unless both are zero . 
Thus we have 

X'lo OR Y'r .. 0 1 I 0 1 1 I 1 

which converts to I lot of 64 (2 to the 6th power) plus 1 lot of 32 plus 1 Iot of 8 plus 1 lot 
of4plus1 lotof2plus1=111. 

So how do we use these operations - which are vastly faster than arithmetic, hence 
their use - to access properties? Suppose first of all we want to retrieve property N, 
say, where N can be 0, 1, 2, ... , or 7. Then if X% holds all the properties, we write 

which miraculously is nonzero if the Nth property is set, and 0 if it isn't! The reason 
can be found by a Little experimentation. Let's write out X% symbolically like this -
I've assumed N is 3 for definiteness: 

PROPS 7 6 5 4 3 2 1 0 
X%???? p??? 

where '?' means a 1 or a zero, and we don' t care which, and P means the property 
we're after. Now Let's write 2N in the same form: 

r 00001000 

and now we AND this with X% . Each of the '?' digits is ANDded with a zero, so gives 
zero . The 'P' digit isANDded with a 1. Now if P were 1, the answer would be 1; and if 
P were zero, the answer would be zero . Thus P AND 1 is P here, and the answer is : 

X" .. \ 112 I'I lllllll'Ollll 

and this, as I claimed, is nonzero if P is 1 and zero if it isn' t! As I noted earlier, you 
might want to make a table of values for 2N to speed things up a bit. 

We can also use AND and OR to put specific digits into the set of properties. If we 
wish to put a 0 into digit N, we write 

X% - X"1., AND (2"i5 - 2"N) 
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which looks a little odd. Suppo e again that N is 3. Then 255 - 2N = 255 - 8 = 243. 
This, written out in binary, is 

11110111 

which is all l 's except for the digit corresponding to property 3. ANDding this with 
X% will not alter any of the other digits (ANDding with l gives you what you had 
before, remember) but forces a zero into digit 3 (ANDding with zero forces zero) . 
Thus we set property 3 to zero! 

To set property N to 1 instead, we switch to ORring, and write 

X, - Xu OR 2"N 

because 2"N in binary looks like: 

00001000 

with a 1 only at digit N. If we OR this with X%, all the zeros don' t alter the 
appropriate digits of X% (ORring with zero gives you what you already had) and 
ORring with the 1 for digit N forces a 1 at that digit. 

There' s a lot more you can do with bitwise logic; but that suffices for our purposes. 

A2 Hexadecimal notation 

The other convenient piece of notation we use when creating Adventures is, 
occasionally, hexadecimal notation . Just as we've used numbers to base 10 in Part 2, 
and numbers to base 2 (or binary numbers) in Parts 4 to 7, there are occasional 
advantages to using other bases. The most useful of these is base 16 (or hexadecimal) . 
There are three reasons for this. First, hexadecimal keeps the convenience of binary 
for logical operations, although we seldom need this. Second, the BBC BASIC 
interpreter is equally at home in hexadecimal or decimal notation, unlike most of us! 
Third, there are occasional things we do with the computer which require 
hexadecimal notation, and won' t work in decimal. 

BBC BASIC recognises numbers as hexadecimal if we begin them with an 
ampersand ('&'). Thus '15' is a decimal number, and means what it says. '&15' , 
however, is a hexadecimal number because of the '&' at the beginning. You can write 
things like 'P% = &85' in BASIC and they' ll be quite happily understood. Most 
people, myself included, can't look at a hexadecimal number and know how much it 
is in decimal, nor can they take a decimal number and immediately write it in 
hexadecimal. Acom are obliging here . If one writes 'PRINT P% ', say, out comes the 
value of P% in normal decimal. If one puts a tilde - " - before the expresssion to be 
printed, out it comes in hexadecimal (but without the '&', by the way). Thus 
converting from one to the other is easy. 'PRINT &54A6' will convert that 
hexadecimal expression to decimal; 'PRINT 81456' will convert that decimal 
expression to hexadecimal. End of conversion problem! 
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The actual notation looks nasty but isn't. Since we can have digits up to 15- just as 
in decimal we could have digits up to 9, which is one less than 10, the base - we have 
to invent names for digits corresponding to 10, 11, 12, 13, 14 and 15. We use letters for 
these, with A standing for 10, B for 11, C for 12, D for 13, E for 14, and F for 15. The 
next number, 16, is '1 lot of 16 and zero units' and is thus &10. And so the counting 
goes. You can, of course, use the computer for any hexadecimal calculations you 
want to do; I do all the time. 

Another advantage of hexadecimal is that bytes hold numbers from zero to 255. 
We can think of these as two-digit hexadecimal numbers, running from &00 to &FF ­
i.e. every possible combination in hexadecimal. Thus hexadecimal is in some sense 
more 'natural"than decimal for working with bytes. We shall use either, as it suits us. 
If you are even slightly unhappy, use decimal wherever you can manage it. Only the 
*LOAD and *SA VE commands used in the game positively require hexadecimal, and 
mere jottings on paper will solve that problem for you . 
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