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A=PFI¥ Qnpda EBT) ROLVTHRBUEBIMU TV E3DOERET 3. Thd>OBEH
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while the symbol on the stack top is not # do
while input head is not on thé leftmost symbol do
move input head one square to the left;
push @ od;
while the symbol on the stack top is @ do
pop @;
move input head two squares to the right od;
pOop one symbol;
if the symbol is 1 thenm move input head one square
to the right
od

lal <logn BOT, 28 af<n THAZ L WEETS. LOFEX 0n) B
THRTT 3.

AEOBER LOFHEEOFRIT> FHEEERTAT L. Zhd 0(n) BREITRT
3. o ,

B2 A BASIRO n © 2dpda &5 3. A OHEORPTT YV a2 ¥ VidlEOR
w5 rda, 7,003, lal < (1/Dlog n THorEFE. $3& AUTvY 2
Fe VEEONER rtaal EFBIENTES. ‘
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move input head to scan the 0-th symbol;
while the top symbol of the stack is not # do

let the current content of the stack be

Y#Qmam—l"'ai‘ and input head scan the mi-th
symbol, where ui is the binary number defined by
LRl L e AR A
pop ai;
push @ and s
(1) push w3
push o,

comment input head scans the 0-th symbol, and stack

contains Y#am '-a£+1@ai ~~a1a1---ai,
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(2) POD W, =0 0, 0t B0yttt and move input head to

R .
scan ui+1 th symbol;

pop @;
od;

commemt input head scans wm+1R—th symbol,
m+1=amam_1--~a1a1'-~am, and stack contains Y#;

(3) push w

ul
m+1

push (1), (3) WHBIOKERRET 3. bin(j) % J 032;_%‘?2:'9“%&: A DA
TN Y jFERSSRSIHSD push L bm(J) BAFTREE. FIT pop
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LT 7Ny b {0,1} DIKDT -V F-TRFEL,FEOHBRDEN DI~ F-TOFN
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DAAZNT 7Ry b ET 5. TEHEAMHIZRXWBE M OVIaL-YayR2BEARET
175 2npda A 2H#ERTHhIT LY. €L, dE{L,S,R} &£F 3. M ORFHEIAFY TN
UEREES (0,0) & ZORAFYTTAR+ Y UTWBANRE ¢ EANF-TDAY
FOEIKAM d 2RT. M B n FEHOAFY T TANEZE TSRS o AFYTHOD
(0,,d) O d WHCERRFRRY. HEL d=S £75. 5] at B, ape
{&U{iaﬁf=«ﬂﬁhg®ﬂCiN@V*??-T@W@ﬁaﬁ?,AVF@ﬁﬁﬁ
B@ET@E?@LL BLERB%TS. at kR 0,1 DAYV IRETRI LD
wef0,1,1 ¥ 0)1—}'1'%"1{: vl &2, 0,1, 1 ORESE2EY PRI EWRT 5. ‘é“tﬁzb
B UITB]E{Ol} [ Lat B = log n.

ST ADRAYYIREFE 0,1 & (g,d) g€, de{L,S,R}} 28T ET 3. A T
M@SMWWGW%E&EMWMNWWE%%ﬁ?%LEk&@N%Vilb—bia

STACKING PHASE 2O 7 xz—XT A 1% (Go,do)(al,dl)'“(om,dm) RS
La t 8,1 % push ¥5. Lo 18 WM OmEEOATYTREBYST -V 7 -
7®W§t“1b®u%fé% A@M@ﬁ ERFIRBABCEEVUTVS. 20Tz -
ATCOFEREERUTFT.
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guess do, the direction of the input head's move of ¥
at the initial step of M, and Keep do in the finite
state;
(1) push (oo,do)[TO 1;
while M does not enter an accepting state do

({(1/2)l08 m)-1

move input head to scan the 0-th symbol;
let the stack contains
LR FES L F
R

(GO,dO)(Gl,dl)"'( 1

(2) pop [TBi—IJ’ holding the value [TBi—ll by the
input head position;
(3) guess the next move of Y, which includes the

direction di—l of input head's move;

let aiTBi be the content of the work tape and itsr
head position of ¥ at the next step; -

(4) guess o, the input symbol of M to be scaned at the
i-th step; -
move input head position to hold the value [TBi]R;
(5) pop [ai~1} and move input head position to hold
R,
[aiTﬁil ;

guess di’ the input head's move of 4 at the step
after next, and keep di in the finite state;
(6) push (o .,d.);
1’1
(7) push taiTsil
od

Womois [10(D18 011 by gy y 53— ToPIHREE Ay FORES
RE. (DD pop XURBIOMEOFHELEET . DT A It M OREEL N
?%ﬁ,Z@ﬁfwhﬂliA@ﬁmﬂ@%ﬁ?TEﬁﬁbfé%.AGK@?AW%%
O REBU, OTRIYIRUESH, COLEo 5 "ANO” B8 E S PEANR
W opop XN Lo 18 TN REHTERD, GHIOHEOFHZESUEELLS
ORFEHTS. push X(MUEHBEIOREOFHEEFES.

M ESERBECHET 50T, 20T T —XT A RSEXBTH .

EXAMINING PHASE [t 8] QER ULESHNEAY Y IDSHVBULRDS, A B
F(0,d) BAYYIPSEYBU, HHMULAABEUR>»ESLEHANS. 20
Tz - ADFHRERYTIRT. '
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pop [xT81;
move input head to scan the 0-th symbol;
while there is a symbol on the stack do
pop (0,d);
examine whether o is correct, by moving the input
head to direction d and testing that o is the
symbol under the input head. If ¢ is not the
symbbl then halt withoﬁt accepting
od; '
accept

CDT 1 - ABBEABECEFINZ0OEHONTHS. 2k HOT = — TREF
TECEWED AWM BYIal- b U, A#%@Tﬁﬁfkﬁ&“ﬁ?%ﬁ%+ﬁ%
B M BANESETZENVRS.

EFHE2 (1) FEDOEH >0 WL NSPACE(c log n) L 20PDA
20PDA 1y F NPDA o TBZ. .
(2) F¥ >0 iﬁ¥?7“l/7f NSPACE(c log n) C 2DPDA
BEET (1) 20PDA, . = 2NPDA
C 20PDA 1 T
(D NF 2 T HRCES. (NF 2 YT EREFAW [5, p.303] £FH&. )

poly & ?’
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EFE3  EE >0 WL ASPACE(c log n) C 2NPDA.
CEEBH ¢ log n HEMREANI X —=F 1 2T Fa -V IITEMM & 2npda A BV I
L-FFBZERRT. kELU c=1/@ log il 1), TR N OTI-IF-T7LT 7N
yPETE. N Ho M EAZED (1/8)log n)-0 EHREDIADT -7 7 — TS,
F=TTNT 7Ny E (0,1} DALY X=F YT Fa-Y IR M EERTES.
REUV Q@M RE-oTORRESZEHET 5. SFHOMEDE M OT=IF=-TDIN
TOFTHRUEDPPNTEY, ,AY FOMUBRAROITHOLLS 2 DET 3.

Q&M OREESR, Lk N OANTLI 7Ny bETS. M OBEE
C=aly,o,d,k)B TET. 2EU aBe{0, ) WI—7F-TONE, ap |
< ((1/Dlog n)-0, T—=IF—TOANY VU BOERDHEBT LIS, q UHIEDIRE,
0 WAF¥y Y UTWBANRS, dE{L,5,R} BXROBHEADOANF-TOAY FOFHL
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BoREER S d Li C»o KBEHOBRBFLETS M OANNY FOBLAETSH3
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YWEET L. BHEEME Ca:aa(qa’aa’da’ka)ﬁa o RV da’ka BEKERFRZL. 8
&E 43S, k=0 EUTHL. —R/URKS ZEQRVEINTOHMA® S rHOBIFNT
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FyPRUES>TVL. 2Ok ﬁvﬂwaﬁﬁﬂtMJ&%x,m]m [11=01,
[(1=0)1=10, [$1=11 &9 3. EEOHME C WL T, [C#]C{o 1} , 100,111 <
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BUBAANY FOBLHETSS. AU BuBL ¢y BRI CRE. REL
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Al M % STACKING PHASE & EXAMINING PHASE %&@J@b%’?f'f% EW&LH>TYX
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while the configuration C = a(q,0,d,k)8 (or CR) on the
stack top is not accepting do
move input head to scan the 0-th symbol;
1 pop [#C1 (or [#CT1), holding the value [CI® (or
[CR]R) by input head position;
guess the k-th choice of Ml from C for the next
step if @ is universal, and guess the next step
of M from C if q is existential;
let q° be the state, o'8' the content of the work
tape with the head on the leftmost symbol of 8'
in the next step; ‘
(2) guess ¢', the input symboi of Hl tb be écanned in
the next step;
- guess d', the direction of the input head's move of
the 0-th choice at the next step;



(3) push [C#C‘R] (or [CR#C'], respectively), where
C' =owo'(q',0',d",0)8";
od

pop (DA OFEOFHXRES. QOTUH AW o’ BHITZEFTETIR

By UES. TOEX o B ASO” AHNDENPESHUF Y LRV, push
TOUAEIDTRTEX ShE3FR XV UEELULOOEES. TEUAZOTHE X
BEFFEIELLST, Al (@,0,4,k) REHAR, C O (4, 0,4,k OFEDE
srgrzcenTtxs. LR = 1M1 <l0g 0 T3z LRET 3.

EXAMINING PHASE ZZClX A WA v I hoEEEmMuE U, A BHEIUEZANRLS
BEUDoEHEIDREATIANYFONELBHURBIEIPDTHL. ZOTz—-XD
FHEIXUUTOL RS

comment configuration on the stack top is accepting

and the input head is on the leftmost symbol;
(1) while there is a configuration C = «(q,0,d,k)8 (or CR)
on the stack and it is either existential, or
universal with k=r do
pop [#C1 (or [#CR1);
examine whether ¢ is correct, by moving the input
head to‘direction d and testing that ¢ is the
symbol under the input head. If ¢ is not the
symbol then halt without accepting
od;
if the stack is empty then accept;
comment C is a universal configuration, and there is
the (k+1)st next move from C;
guess d', the direction of the input head's move at
the (k+1)st next move from C;
(2)  pop [#C1 Cor [#CR1) and push [#C'1 (or rzc'E
respectively) instead, where C' = a(q,o0,d',k+1)8;

(DT C D (g,0,d,k) % pop 9%. ChTHBEIOFHXRHEMAT%. pop (DI
S0P S 3 FHEX AT 3.

2EOT =~ ARBVETZEWLLY, A WM OFEREUSYIaLb—}U, M
ANEZET2EDOLETARME A BANEZETZIETHIIENVE 3.
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