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Oneof theannging thingsaboutonetapeTuring machiness thatthey take solong to accesslata. The headhasto

lumberup anddown thetapelooking for data.At most2t + 1 differentcellscanbeaccesseth ¢ steps.Multiple tapes
don't help much. Two-dimensionatapesarebetterbecause)(¢2) differentcells canbe accesseth ¢ steps.Backin

the 1970sArnold Schonhageot a little fed up andinventedthe storagemodificationmaching(SMM) (cf. SIAM J.

on Computing9:3 (1980),490-508).The SMM hasthe ability to acces€)(c?) differentcellsin ¢ steps.

A SMM candescribedriefly asfollows.

1. Thereis areadonly input tape. Whenaninput symbolfrom ¥ (m = |X|) is read,the machinebranchego an
instructionbasecdn the symbolandtheinput headis advanced.

2. Thereis awrite only output tape. Whenasymbolfrom X is output,it is placedon theoutputtapeandthe output
headis advanced.

3. Thereis a storage structure consistingof finite numberof cellsthatcanbe accessetby a single pointercalled
¢ (alsosignifying the emptystring). Eachcell hask pointerswherek is the cardinalityof the pointeralphabet
T'. Eachpointereitherpointsto acell oris nil. A stringin I'* identifiesa pointerwhich startsate andtraverses
the cells correspondindo the string. For example,we might have a storagestructurewhich consistsof atree
wherewith ¢ pointingto its root. With the pointeralphabet{¢, r} we candefine/ to pointto thecell to theleft
andr to pointto thecell to theright. The pointerérr pointsto left, thenright, thenright of theroot. Thereis no
restrictionon the the storagestructure.lt is up to the SMM programto defineit. Initially, the storagestructure
is emptyandthe pointere pointsto nil.

4. Thereis afinite lengthprogram. Eachinstructionin the programhasalabel(c), sowe have essentiallya finite
statecontrol. Startingwith thefirst instruction,the programinstructionsareexecutedn orderunlessthereis a
branch.Hereis thelist of possiblenstructions:

(d) Inputoy,...,on. Readaninput symbolandbranchaccordingto which input symbolwasread.
(b) Outputa. Outputthe symbola.

(c) Gotoo: Branchto theinstructiono.

(d) Halt.

(e) New P. Createsanew cell andpoint P to it. RecallP is amemberof I'*. Thenew cell hasall it pointers
setto nil.

() P := Q. SetthepointerP to Q.

(9) if P = Q theno, elseo.. TestwhetherP and(@ pointto to the samecell. If sogoto instructions; else
goto instructionos.

Do thefollowing two problems.

1. Describehow a SMM canbe simulatedoy a multiple tapeTuring machine.(Hint: think how anarbitrarydata
structurewould be storedon backuptape.)

2. Describehow a onetapeTuring machinecanbesimulatedoy a SMM. (Hint: youwill haveto figureouthow to
modeltapesymbolsandthehead.)



