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ZEINBTHEDOI I AEHEBEBREREET 2 -V VBRI VZEINSEED
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A-F3Y (npda EEEY) ROVTHEGRMUTLZDOLIRET 5. Th o OHN
ADANBEEDIY FR-ABF0T0w3Ed 3. EBIRRY &S5, EXVFY-7
$ WAYFPBHBR23, Ny FOUBRIBELSHZEVICERTS. BHIHELED
%t%t)\j}&“@@“%&é&ikﬁﬁv I\“L;t0$E DhNBILHSETS. ZOIREE BT
BEHLROVWIERZEAET 3.
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HPoTLRVIZEERRT. b, BORV7SAROBEEBERETEHLIP>TLRL.
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2. YIalb-vaJEHER
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while the symbol on the stack top is not # do
while input head is not on thé léftmost symbol do
move input head one square to the left;
push @ od;
while the symbol on the stack top is @ do
pbop @;
move input head two squares to the right od;
pOop one symbol;
if the symbol is 1 them move input head one square
to the right
od

lal <logn BRDT, JEM at<n THBZ L WEFETS. LOFHEX 0(n) B
THRT T 3.

AHOBER LOTHZORRTS> FHXEHMTAT LV, 20 0(n) BEITRT
3. o |

SHE2 A BAAED n © 2pda EF 3. A OHEORBTT v Y2y VEEOR
A5 rha. 7,00, lal < (1/Dleg n THored 3. $35 AWTvVa
FVEIEONAS rtaal LTBIENTES. :

W a=o o a0 €001 EU, @& (0,1} REIRVAY v IREET
%. AV OHEE ria OEE, RO A OFEXRAY v 7 ORER rdaa® wk
HY 3

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#amam—l"'ai‘ and input head scan the wi-th
symbol, where ui is the binary number defined by

.
s

R S S DA |
pop &3
push @ and o3
(1) push W,
push o,
comment input head scans the 0-th symbol, and stack
contains Y#am~-~ai+1@ai-'fala1--wai;

-3-
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(2) pop ui+1=aiai_1-~~a1a1"{ai, and move input head to
R .
scan “i+1 th symbol;
pop @;
od;

cbmmemt input head scans ¥ R—th symbol,

m+1

um+1=amam_1---a1a1~~~am, and stack contains Y#;

(3) push W i1

push (1), (3) WMABIOBERFET 3. bin(j) £ | OUEFFETZE, A DA
AN ER | BHES3R5ZR 6D push Xk bin(DF B 2% v 7 wHlEG. B pop
TUABIOTELFETS. lal < (1/2) log n BOT, E0 i (I<i<ml) 2
HUTH I, | < logn THY, REBELCEATES. LOFREERFTEI L
CEY A DT vy VREOHES riaa e RB I ERELP TS B.

FHE1 53EH >0 WL T NSPACE(c log n) C NPDA ,

SEE M % ((1/2)1og n)-1 SUSRFRERRESF 2 - UV T BRET 3. M @5 -T 7
LT 7Ry b {0,1} DIKDT =2 F—TEES, FEQBRDIE N OT -7 5 -TOT~
TOETHRI 0 BOPATEY,AY FREBOETHO LS 3L IRET 3. LE M
DANTALT 7Ry b &T 2. TEHETHTZRE M OV Ial —Yay 2 2EABET
175 onpda A BHEMTHIEEL. €D, dE{L,S,R} &9 3. M ORHERAF Y T2
VAREES (0,d) @ ZOAFYTTAF+ Y UTVWBEANRE 6 EAHTF—-TDAY
FOBHRM d #5T. W8 n BHORAFY T TANESET 3745 n AFvTHO
(o,,d) O©d @HCERERFLRZY. HEE d=S ¥35. 5] atp, ape
{&H{|aBl=«U$Mg®4ciMQU—ﬁ?—TQWﬁﬁaﬁf,AvF@ﬁ%ﬁ
BOEHDESD LIS ERE®RT 5. at bk 0,1l DAYV IRETET LD
ve{0,1, 1) OB [v] £EX, 0,1, 1 ORESRLY F TRTCERT . ThD
5 [atpl1e{0, 3%, [ [at Bl = logn. |

T ADRYVIREFTE 0,1 & {(g,d) o€, de{L,S,R}} 2E8TE&T 3. A &
XD STACKING PHASE & EXAMINING PHASE #E{TF 52 &WLU M 2V Ial - T 3.

STACKING PHASE @7 x—XT A W (04,d))(0,dpdee+Co ,d > EEEFF
La tB8,] % push 5. 2fZba 18 WHNOnEEOATYTRBIZ T~ 57—
TORBEEANY FOLETS%. A X M ORELERFFBLHEELTVS. 20Tz -
ATOFREERUTIIRT.
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guess d,, the direction of the input head's move of ¥4
at the initial step of 4, and Kkeep do in the finite
state;
(1) push (oo,do)[TO 1;
while M does not enter an accepting state do

({1/2)lo08 m>-1

move input head to scan the 0-th symbol;

let the stack contains

(Co,do)(cl,dl)"‘(Oi_l,di_l)[di_lTBi_llz
(@) pop [16__.1, holding the value [16,_ 1" by the
input head position;
(3) guess the next move of 4, 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 M at the next step;

(4) guess oi, 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 L, ;] and move input head position to hold
R,
[aiTBi] ;

guess dt’ the input head's move of ¥ at the step
after next, and Kkeep di in the finite state;
(6) push (o .,d.)>;
i’ 4
(7) push [aiTBiJ
od '

Womois (1018 M1y 4y oy 5 ToPBEREE Ay FOLES
RE. (DD pop XURBIOMEOFHELEATS. )T A Ik M OREER D
TEH, ZO35 4, i A OERMEHIT TREELTS 3. A WO TANES
Lﬁ&ﬁ%%(@Txyvﬁabiéﬁ,Z@téﬁﬁ”$%®”ﬁ%#85#ﬁﬁNﬁ
V. opop XN [a 18N 2B ZRD, GHIOHEOEHEESULELLS
ORHAT 3. push X(NUAB OBEDFHE .

M BZEABRBTHETZOT, 2OTx—XT A URLEABETEL.

EXAMINING PHASE [ 1 ] QR URRENEAY v I HSMOBLEDS, A W
B (0,d) BAYVIDSIWMOBU, HHULAABELU PP ESHERNL. 20
Tz - ADOFEXEUTWERYT.
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pop [at81;
move input head to scan the 0-th symbol;
while there is a symbol on the stack do
pop (0,d);
ezamine whether o is correct, by moving the input
head to direction d and testing that o is the
symbol under the input head. I1f 0 is not the
symbol then halt without accepting
od; v
accept

:@7meﬁgﬁﬁﬁmf%ﬁgn%@mmamf&a.ik2@®7x—x&¥ﬁ
TERZEWREVD AU MBEYIaAL-PU, A DRBEABRTAARSET A PETHR
B M BAHEZETZZEBVLS.

FE2 (1) FEOTE o0 XL NSPACE(c log n). C 2DPDA
ZDPDApow # 2NPDApO‘y T5%. ‘
(2) FE¥ >0 HBFTEU T NSPACE(c log n) C 2DPDApon 725 NL € LOGDCFL T& %.
B (D :ZDPDADOly = INPDA EF 5. TEEFEELL D NSPACE(e log n)
C 2DPDAp0w TH35. :

QD NF 2 T@EmRc&d. (NT+ T EREHIZE [5, p.303] 2H K. )

poly 7:“",’

poly

EH3 EH c>0 XU ASPACE(c log n) C 2NPDA.
CGEB] ¢ log n EMREANI X -F 1 T Fa -V YIHEBEM & 2npda A BV I
L=}FBZE&RRY. REV c=1/@ 1ogiT 1), TEMDI=IF-T7LT7N
vhETE. Mo M EAZED ((1/8)10g n)-Q HEBREDIADT -7 F—T S,
F=TFNT 7NV b 0,1} OFLIR=F 4 YT Fa-JYTHR M 2ELTE3.
REUV Q@M RE->TORREZEBLT S. SHEOHKEDHI M OT=IF-TDIN
TOFTHRUEDBDPOPATIEY , ANV FONBRERDOITEOLELSSDDET 3.

Q2N ORBES, LR N OAATALI 7Ny bE&d3. M OfEe
C=a(,0,d,k)B TET. REU aBelo,}¥ @I-r5-TOWE, ap|
< ((I/Dlog -0, T=IF—=TONY VR BOEHDIEEEILH S, q WIHEDRE,
o WAF¥y YU TWBAHRE, dE{L,S,R} RIXOBEHEADANTF —TOANY FOFL
B, a9 BEBFRERS k WRBEFORRES, o WEERERS k=0 £73%. q B
WRERS d 13 C o KEHOBRBIFCETS M| OANNY FOBLHRTS S

-6-



33

YEEET S, REHHE CFa (0,0 .4 k) WHU 4k WEKERRRY. 8
&Gk d=S, k=0 EUTB. —BERKSIZERVRTNTORED S rEOBIFLSE
T BEIRETS. URB>T 0<k<r. T
0=3+1log T1Q!l X IZ! X I{L,S,R}! X

rU&D. TBECE (I/Dlog n)-1 BETHRENLE.

YIal-vayTid, AWM OFEE 0,1 2F>THL, RYVRS § SHiex
By BRZUEL>TVL. 2Dk @ﬁﬂwaﬁ%ﬂtw3&%x,m]m [1]=01,
[(=D)1=10, [#1=11 &£T 3. EEOHME C wxULT, [c41€{0,13%, 110,111 <

(1/Dlog n THAILWFET 3. A W dy BEHT 3. d) & M, ORPORFYTR
BYBANNY FOBLAMTSS. A W MU [C,] 575 /»yuﬁt 2R U
Cag 0 0018 W ipamin e s v, ANy FUHOBEORTER
%v/bfh%

A M) % STACKING PHASE & EXAMINING PHASE &&Oﬁb%ﬁi% ERESTYY
SL- T3, ChEDUEDT T - XUEEIOERLS 50 L BANI LA TS 3.
My D/ =INVEFHETE, RYEBLVOEHKE N OHEAORERHEOBEZFITHNS.

STACKING PHASE ZD7 x~XT A WROBHEEAYYIRULES. Aﬁ“)b#OE‘
HORSEAFYYUTVWSERET 3. DTz — ZDFEHEEUTRRT.

while the configuration C = o(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 {#CR]) holding the value [C]R (or
[CRlR) by input head position;
guess the k-th choice of Ml from C for the next
~step if q is universal, and guess the next step
of\Ml\from C if q is existential;
lel q' be the state, a'B' 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 ”1 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' =oa'(q',0',d',0)8";
od

pop T(DRABIOFEOFHEBES. (DTW A W o’ BHMT 3 I TE)TR
ForlUES. TOEE o B AND” ANZENESHPEF LYY URW. push
(DU RE2DEHTEL B3 FRXELUETULLOERES. EEUALZOTE X
ERITFBIECLST, A 0,400 ERARS, CHFO (4,0,4,0 DHEDR
SrEz5ENTES. ORI = 1T 11 <log n THBZ LwHET 3.

EXAMINING PHASE ZZ T A APy I h o2V EB U, A BHEUEANRS
BEUDSEDEIDREATIANYFOMNELBSUREIEIDTVL. 2Tz —-XD

FHREUUTOL SRS ! ,
comment configuration on the stack taop is accepting

and the input head is on the leftmost symbol;
(1) while there is a configuration € = «(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. I1f 0 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 [#6'1 (or r#C'R
respectively) instead, where C' = a(q,d,d’,k+l)8;

(DTW C D (g,0,d,k) % pop 7%, Chid@BIOFHREEEATS. pop XD
2O S 3 FHnE LEBFKT 3.
2@@7:—X%ﬁ@@iuau&@,Aumlmﬁﬁ&Eb<vs:p—burhw
ANRZETZRDOLETAENEE A BANEZRETZZETHEIENBVLS.
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