(3)

TRANSITIONS

$: @xM —> @xMx {LR]

™S 8 (q,X)= (b)Y, L)  MERANS THAT IF IN

STATE g/ AND THAPE HEAD IS SCANNING THE SYMRBOL
”'x). THEN MOVUE TO STATE p, REPLACE X BY VY
6N TAPE CELL , AND MOVE TAPE HEAD 1 cell LEFT

DETERMINISTIC TM (DTM), AROVE DEFINES A OTH —— FOR

ENCH S[q/)x) WE HAVE AT MOST ONE POSSIBLE HoJE”
— ALTHOO(,H Sr(q/,x) couLp RE UNDETINED

ﬁccepmmce? IF wHEN DTH IS STARTED WITH W ON THPE
T EUVENTOALLY ENTENRS A FINAL STATE

THUS WE HAY AS WELL ASSOHE THAT ALL FINAL/ACCEBTING
STATES ARE “HACTING STATEX”? — IN "THAT NO
TRANSITIONS ARE DEFINED Q0T OF "THEM.

RE:YECT[DN [ —— HALT IN NON—FINAL STATE
L— NBEJET. HALT CINF:MJI'TE’ wop)

RECALL IN NFA[PDA  we WOoOLD HALT WHEN END OF INRC
T[S REACHED — THEN WE CHEIK & STHTE IS FINAL

N T7H. INPOT 16 NOT STREAMING BY BRUT IS INSTEAD SIUEN

oN TAPE — SO W& NeEp EXPULIT NOTION OF
chL:nNG-,

Wrm:\la WHEN IN STHTE 9 #AND HEAD SEEX X, SLUCH THi
S§(4,%) 1S UN DEF /N-ED.

. M aa P —— el LLAt Y™™ A BT/t iN"rvr~17T \ 7  &l”™ ’m“‘('ﬂn?\]( e d 1L IANC h-l—lsA,f'TTA



EXAMPLUE

aw)
L= {o"\-"\\ v\:::zg

INITIALLY

- - BRBRBROOCoo VW BRRIZ-- -

g

HEAD

TH ADER  MATOH WEFETMIST © WiTH WEPTHOST |\

REPLAUNG THEM Y X  AND VY Crae:sa)zecrwa\
AND REPERNT ﬂ
TH. M M= C&)Z; T",Q)O\]D)B,FB
Q= Y ap, ), Ua, W, Yy = Yay]
= {o\@ = {0\ %Y, B}
TRANSITIDNS

S (U0,0) = (2,%,R)

REDPWICE O RY W AND WO
S (6. N\ = (a FORL Ar MNTCHIN G~ | —— BUT
)= ( 3Y) R) NS SEEN) 6O FOR ENDGAME
S (ah,0) = (9,,0,R) SKAP ogR  O's 'S T
S (q}H\ﬂ = ({.,Y, R) L S TOOND —— REPWACE
BY Y AND sSTHARRT
& CC\J N — ( v
TR WY, L HEADING BACK T WEFT
€ (92)Y) = (qs,v,1) MOUE LEFT SKIPPING OfY
S Ccuz)o) = CCU':L)C))LJB TILL FRST X 1S FOOND
. — MOUE" RIGHT TO o)
& (9,%) = (Vo R) FOR. GEFTHOST &
g CCVBJ\'/\ T CCVBJ\/) 12)
& /[ ai. =\ l

ENDGAME — MpKKE SORE ND
—— fair.

- v
o o\ BXTRA | LEFT OUEIQ“



"\:{Nrrmm DinGra

NOTATION AlB —> MEANS REPLACE A- RY R ON

TAPE CELL BEING SCANNED, HOUE RIGHT

REMARK LoTE OF TRANSITIONS ONDEFINED — V& INPUT
DOES NOT MEET DESIREN —'I-'—“oRMA;T) HE T-M.
witl eeT “SToCKkY  AND HALCT IN NON—F1p) A

LD useEr O SHOW EXECOTION URE IN PDRA S

s P —
et r—— it

D, — 021 CUOZ’L, W VT ] & @

R ,< & A

MEADS  NOR—BLANR  ®ONUTION OoF TAPE HAS
o\’ WITH HED AT LETTHOST SYMRoL

T -} a . P e




THUS TD= of,q d5 CORRESPONDE “TO

BCANKS | oty |

H~ | BuAmwKg

STHRTE 4.

AS BEFORE WE OSE b ey

TO  SHOW TS CHANGING..

EXAMPLE

VoIl  — X011 | xoaq, 1

AXg,0y] F— Y2 XOVY|
— X9p0VY] +— %XX9,Y|

— Xxvqg), | F— XX 9,V¥y
— Xa, XYY b XX9YpYY
F— Xxya@,y = XxVy V<
— XXYYB Yy,

LANGonc-T GluEN DTM M

L (M) = {(u l YpW E- oA, by
WHERE peF AND o) ol & rr”j

REMARK e 0Se LANGOA T RECOGNITION AS A.
CONVENIENT NOTION OF PRORLEM~ DULUING AB}Ll”f}/

HOWEVER T°M. CAN ERSILY (OMPUTE: FONCTIONS AND

PRODUCE” COTPUT  BY LEWING 1T ON THE —TAPE

RE CORS(UELY ENUMEMARLE ANGOAGES

FtACC ra— AANQrIANA~ATC Arcr—1\T2-7n R\/S 7T ha




@

PROGRAMMING TRICKRS

IDEA WE PRESENT soME NOTATONAL CONVENIENCES WHICH|

ARKE 1T BEASIER O “PROGRAMY T:H. AND KO SERVE
TO HG6HUGHT THEIR GENERAUTY +AND POWEN

BASICALLY we IMPDSE NOTATIONAL < TNO CTUuNE ON STATES
AND TAPE SYMBOLS

TRICR | [[CPU REGISTERS — USING STATES AC MEMORY S”@mﬂ

ICEA AUOW STNTE NAHMES T BE OF THE TYPE

qu) X!)-.--)X,;__‘—S

WHERE X; ACTS AS MEMORIZED SYMROLS.

EXAMPLE | {QUR l ,_Je&).,’&af—}

DEFINE M

Q = {E—CU)*—“]) EU)Oj)Equt[} ES‘HE)J}EHE
5, 43 |

Z‘:{O:Q 1= {0,1,1’5—'}

To=1[%, 1 F={4]

IDER  Giuen LJCJR) MNTH LEFTHOST SYMROL

WITH RIGHTHOST, ERASING  BOTH,.

OSE (¢cpPL REGISTER TO STORL LEFTHOST SYMRO L
WHILE HEADING RIGHT TO FInNb Q!MTMOST



TrANSITION.S

STEP |

STEP o)

STEP 3

STEP &

s( [3,-]

§ (Cﬁ/ﬂ,&: (C=,] 4.R)
e {0,15
S C[%’/,ﬂ R) = (E“Jfl B)L)

5 Cfmf'qj ’{‘)z ($:8,) L) g

S (S',iB - (S}i))‘))’\b\'
& CS; B) = (ET/,-:]JB)R)

0= (I5,6], &, %)
§ CEV}“JJ |):::(Eylj}8,]?)
& CE‘V,-—’JJB)-: (9) B) R)

Vo,

V-ie {o,1§

&

REHEMBER LEFTHOST
SNYHRoL £ REPUACE
RQY RLAN Y )

OR. AEPT e

TKIp TO
RAUGHTHOST
SYMRO L

MA TCH RICATHOST
WITH REGISTER

SKiPp ovENR TO
LEFTHOST SYHRO

IRICK 2 [HuCTIPGE TRACKS |

ISERA VEEW TAPE AS HAUING MOLTIPCE “TRACIC AND
P AS HAUING CoMpOSITE SYHMROLS

O

Y

l

O
&
o

l

X

l

|

e

THOS 1 Now CONTAINS SYHMROLS SoCH AS

N SNT7—

W oA o

e

(3, 1Y, L‘%]

1



@
ONSIER | = fww | we {o‘,"SJrI

NOTE FIRST NEEDS T FIND MAD—POINT, AND THEN
WE GAN USE MATUKING PROCESS AS IN L.

TO FND HID—POINT wE View Tape AS A TRAL S

——t—

- 101 V1Y Lo Iy

WHERE WE USE THE T0P TRACC 7D »UT
HMARRERS oUER SYMROLS

IDER  PUT HARKERS ON  REFTHOST | RUSHTHOT
SNHMBOLS  AND  SWowWlyY  MOVE TeeEM 1N DLl
THEY MLET AT THE WD —PoINT

TAPE SYMBOLS [@], E%j , E[\gi\) E)gj , E{J

Q@QULD CALL THESE @,o, 1) AR BOT YT wouLy

BE LESS INSIGHTHOL N CENERAL.

ASSOUME™ M ALLY  IN STHTE «3/0) SCAN AN IN G L—??PTMDST

8 (90, [B]) = (9, L¥] ®)
§ (2 ) E%]>: (c‘/\; EBI]) R)

(v, B 1)Y= lan TBT 1



§(a,, L¥1) = (v, L71,V

S (4, T57) = (vs, L%, 0)
§ly, TS D = (=, L8], 0
¢ (s, [XD= (vs, [571,R)

NOTE ONE BACH OF ARODVE TRANSITIONS FoOR « € {0:13

NT END  WE HAVE HEAD POINTING TO FIRST SY MRolL oF
SECOND W WITH A * KBOVE ay IN STATE Yo

TR 3 [ SOBROUTINES | PROCEDURE GALLS |

EXAMPLE SHIFTING OUER

Xe T
ereN Iy = o g X 4@ e ¥
T TP, = <O xp | Gen

SUBROUTINE (AN BRE USED REPEATEDLY TO
CRENTE SPACE IN MIRDLE oF THE TAPE

FOR EXARPLE  USEFUL TofR HMPLEMENTING

COONTERS AS A PART OF ComMpLEX PROCES!
#o04d — 1l — $014d — g014
-~ f0f > Hng —-80n0 4
—>» Boh f — Hiook— <=«



PROCEDURE CALL g(q“)x) = (EP,X]) ]: %{} : RS ) N-XE(T

» MEMORIZE RETORN STATE l@aé , ERASED SYMEOL X

- STRTE b INVOKES PROEDURE

PROCENIRE b

D SHIFT | CELL To THE RIGHT
s (v X3 V) = ( b,V %, R)
- XY e wit V=R
>) T REAGHED END OF B

S(LHV],B) = (£,v,1)  ~N-Vel!
3) RETURN  TO CALULING  POINT
G (g,M= &N Ay

B BT RETURN TO CTATE 4

S (%, E?jpl»: (‘Uﬁ ) D)RB

NOTE WE CAN IMDLEMERNT ANY RIND OF PRo cenun e |

FONCTWON chl W ANY RIND 0= PAQM«ET@Q
PASSING — WITH ENOVGH WORK.

TEXTROONE SEE SIMPLER. NOTION OF QUBQOUﬂNEj




ENHANCING TM.

OBSERVE IF TM. Seen SO FAIR 1S ABLE To CAPTURE AL THA

WE CAN OHMPUTE, THEN ADDING FEATURES 1O IT
SHOULD NoT ENHANCE ITS POWER

WE SHoW ADDING FolLLow ING FEATURES GIWES T-H. WHICH
CAN BT ERSILY SIMULATED RV OUR STANDARD T+

— HULTIPLE TAPES [Hemn ¢
— NON—DETERMINISM
CXERCISET TRY & —THINK oF OTHER WANS TO ENHANCE

TH. AND WHETHER STAND ARD TH. CAN SIHUOLATE
THESE FenToReS.

MULTI-*-*T&PE- TM
“1”1”3]”“;”. TAPE |
Finime

STATE TAPE

iAPE 3

\
J

''''''''''

INITIALLY INITIALLY ) INPUT @ 1S O8N THAE |\ WITH

TRHPE—HEARD AT EFTHoST SYMROL —
REMAINING TAPES ARE RUANIK.

EAGt HEAD INDEPENDENT XL PANT o TIRANSITION)

(Y, hiyhs,. h,@)-..—.: (b, (91,00, (0eymd .
h, ¢ SYMROL UNDER HERD U
Wit WRITE IN L



Congsipen SIMOLATING R—TAPE —TM. Mp BY |—TAPE —T-M. M,
I DEA

USE R TRACKRS N M

L —— FOR EACH “TAPE OF Mg
USE" ONE TRACK .oF M, STORE TAPE CONTENTC

AND ANOCTHER TRACK T MARIKE HEAD POSYTION  LJiTee 2

ThbE | Al BRI XY | =
HEAD | ¥*-
Hewp 2

P 3 —

IN ™,

EACH TRANSITION OF N S SO TeEn RY A WHOLE
SERIEL, OoF TRANSITIONS

STEP O STANT AT (EFTHMOST EUL WHeREe SOME "TRACK
CONTAINS A NON— BLANYK SYMRO L
STeP |

SWEEP RIGHT — PICKING UP EACH o RY
NOTING Y HMBOL MARRED RY Ep(i ¥ STORING
Wi'S N Yepy REGICTERY
STEP Q3 SWEEP (EFT . WRTING. WA AND MOVING %S
S PEr. MRS TTRANSTTION.
VERIFY AN CONSTROCT M, T SIMOULANTE M . WiTrHooT
AFFECTING  THE LANGUAGE:

REFAR

I FRoM  Now C)I\J/ T WILL ProvidbeE ONLY SUGt A
HIeH— (Ve VIEW OF T°H. Cong RO cTion) ) ¢

—— LOWLEVEL PROGRAMMING.- DETAILS ARE VERY
CUMBERSOME AND OMITTED

— JUST VERIFY
T AN R AN O\ rerr—an e mm e



SIMDLATION _SPEED, D

OBSERVE wWhHiLe ENTFANCEMENTT DO NOT PYECT THE POWETR
OF TH.) THEN DD \MPACT IS EFFICIENCY

Ronnmg TiHE  TH. M IS SAID TTD HAUE RONNING ~MHE ()
IE 1T HALTS . WUTHING 7Ty QTERS ON ALL | NPUTS
OF LENGTH W (NUTE. T(#) CouLD RE INFITE)

B F M HAS RONNING  TIME TRy, TTHEN M, will
SIMOLNTE 1T WITH RONRING TIHE O (TOa?)

Proow SUPPOSE INPUT W HAS (EnGTH N
ToEN He AN UseE T THME ON LT

CLAMN THE R WERDS OF Mg oo T RE
MORE THEN 2 T(W) APART AND
M VSES < QT TAPE EUS oN)
ExCty TVNRDE -

Wy ¢ e e STEP, LEFTTHOLT AOD

RIGHTIMOST TREOE WERDS  Oft) DRATTT
POARST Y NT  MOST 2 ADDYTIONAL CElk

(onSi\DdETR E_.\.L

o MAKES 22 SWEEPS TOR TRANSITION OF ™
- TIME PER. SWEEP \S QCTC\A\\
- NOMBER  oF TRANSITIONS OF Hp \S ST

THOS TOoOTARL TIME — O QTCM\?B.




