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A Comparison of Data Models in Hypertext Systems
NISHIO, Nobuhiko
Department of Information Science, Faculty of Science, the University of Tokyo

7-3-1 Hongo, Bunkyo-Ku, Tokyo 113, Japan

Data models that hypertext systems are based on are studied. The first one is HAM, Hypertext
Abstract Machine, which is a hypertext database server for multi-users from network access. The
second one is Holder Network, a hypertext-based data model designed for idea processors
construction. Ths last one is the Real Object / Virtual Object Model designed as a unified model of
human-computer interaction in the BTRON environment. A comparison of the power of expression
and its limitation and a consideration on the systems based on these models are presented in the light
of 7 issues presented by Halasz's paper [1].
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CEAMLENRZ VDD TS, $IKE APPLEH
® HyperCard [11] 3 £ DARFLZ L FEbHTWE. LAL
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HHERVOBNLDOTHEI EMDRL, 2 BAD
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TY Y2 LTV TEREN I —FR/—FELEFRY
P — A METAIORBLLZOTH DY, TD
VAFLARBHELPR) Vo kERbTA TV 2o M HE
TELRZV, BRERLZEIREI AT T2 AV
TA—FM%2) Y2 3HLEEZOMEAMATVEDR
Ry Ut TV 2 AT 5 HyperTalk T S /s
TOTIATHNED) Yo GRBRETALDIRT O
FIADPIERRYBRHLIHDITOSS LOETY
LELTE, $bbBHER) V7TV FERW
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TEMTELRY, TOL) BB TERZVEN
ITERVDLOWETIIN Y-V (Ry V-2 02K
BERY, MVEbeTHELRELANT2) OER
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TCDVATAVEELODTHEEV)I DS Dk
V., KB T - s R RBL2 R E)BwSbEFE(
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SbHEBEICRZLLVILIEEINAV) 0L %
bDRPBERTRAVFAVITTFNRAALLDTA VL
I FToKaL—varTIRTERPRRADDOROH,
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BB ANF2y bT— TOHRNTE
AXFTHEBHICEZZRVY - 2y b7 -2 OBRN
EREG XD,
[E#1] A% 256 P OWHWTFT Ly bTHBLET
5., AREIThLVWEESY A0y PEER, oL i
UFINMLEUMTOL) CEHT 5.

X=AU (S},

L=X*
M SloL-NIUTOZT L (B SN 5.

Slot#(e) = 0,

VYa€A. Slot#(a) =0,

Slot#(S) = 1,

Slot#(a - b) = Slot#(a) + Slot#(b). M
g_f; La-bidEFakEFXDb DEE (concatenation) ¥ ¥

BRIV Y (well-formed &IV & DEH) DESHEKRDL
) WoMNEEATEZ L, LELNROEREUEREK
2K N+ RO*SIRVERESEKTH S,
[E#%2] ANV OBREHIIZ,
H=L X SP X SB X U

LU T oM.

SP = power set of ID*, SB = power set of ID*,

U = power set of ((hl, s1, h2, s2) ! hl, s1, h2,s2EN}. I
CHLE, LB 7VL-X - )75 V0EE%, SPIE
A==k VFF—TVOES%, SBRY THNVYT—
TVORER, URZ= 74—V arvF—TLoEe:
FEbLLTWAE, HIKURAVY LI DAOY bl LRV
Fh2DATY +s2%1=774LTWAEILERD
T, ERLIOBEDON, R REDOKLI DY THRNVY
F=TWVECBYBEA YT AL DRV EHFRELT
Wi, RNV ODBERATERDRNTDNTTL
=X )FINEEDL, A0 FHODBEIIELY
HBEYEDYT. WAV OBEASHIKOWT 42041 M
Bopri,i=1.4 FET S, FL¥Fnprl:H—~L, pr2zH—~



SP, pr3:H—SB, prdéH+*UTERDL EN B L T3, F-HXK
SPTop:SP—ID, SBTop:SB~ID R E N ¥ DEFRNEXK:
3E L, BABK SPRest:SP—SP, SBRest:SB—SB i2 & € 5t
FOEREPIRNAOOETODET S, BikLS
CRBEFORBELTDMH D, 20%8 1D,

ID =N+
ThH5.

(E#%3] BIM SPIndex:SP X N+—IDU {0}, SBIndex:SB
=+ N+—IDU (0}, SPOcc:SP X ID—+N, SBOcc:SB X ID—+N
PUToL) ekt s,

b L sp=e% & X SPIndex(sp, n) = 0, SPOcc(sp, id) =0,
b L n=1% 5 SPIndex(sp,n) = SPTop(sp),
Thifo s &1k
SPIndex(sp, n) = SPIndex(SPRest(sp), n - 1),
% L SPTop(sp) =id % & if
SPOcc(sp, id) = 1 + SPOcc(SPRest(sp), id),
ENLSD & X1 SPOce(sp, id) = SPOcc(SPRest(sp), id).
9% SBIndex, SBOcc XM L T b [Afkc gk xhs. N
TR L D BIZ LM SPIndex(sp, n) X VT, A—s¢
—RNTF =T VRDO nBHO KRNSO DEEIES
1, BB SBOcc(sb, id) IS & D4 T RN F 7 — 7 N Fid
BidewItLgyo DIBEbLRATWEL %185, T/~
HHESLERDLI RO B,
idZ SP<¢> SPOce(sp, id) > 0,
idZ SB ¢ SBOcc(sb, id) > 0.
FMOTHANS - 2 v F7—2 (well-formed RV & - &
v b7 =7 OBEH) OLENESUNERICELS.

[E#H4] BIALY - 3y b7 -2 OLEkoEs INE
UTnL) 2EROKETHS,

HN=(ID—HU (nil}) 7275 L, Vhn € HN. hn(i)*nil
%D i OEBILE 4 HRRE. ]
BELD well-formed ™V - 2 P T —2 & well-
formed ® V¥ ¥ EHT 5.

[E#%5] wellformed k¥ + 2 v b7 — 2 D4thatk
& WFHN &£ H, HNOT hnCUT ORI T 600
EETHD. T/ wellfomed k VT - 2y b7 —2
gfhn DAEEE % R/l & WV D BH well-formed RV 7T

5.

Vid€ID s.t. hn(id)¥ nil,
V id'Z pr2(hn(id)).
hn(id')# nil,
SPOcc(pr2(hn(id)), id') = SBOce(pr3(hn(id")), id),
V id" Z pri(hn(id))
hn(id")# nil,
S$BOcc(pr3(hn(id)), id") = SPOcc(pr2(hn(id")), id),
V (h1, s1, h2, s2)€ prd(hn(id)).
bL h1=0%56iF
h2% 0, SBIndex(pr3(hn(id)), h2)¥ 0,
I1Ss1s Slot#(prl(hn(id))),
1=s2 Slot#(pr1(hn(SBIndex(pr3(hn(id)),h2)))),
HL h2=0% 51
h1+%0, SBIndex(pr3(hn(id)), h1)#0,
1= 52 = Slot(prl(hn(id))),
1= s1 = Slot#(prl(hn(SBIndex(pr3(hn(id)),h1)))),
h1#+02*D h2#+0% 6L
SBIndex(pr3(hn(id)), h1)+0,
SBIndex(pr3(hn(id)), h2)+ 0,
0=s1= Slot#(prl(hn(SBIndex(pr3(hn(id)),h1)))),
0= 52 < Slot#(prl (hn(SBIndex(pr3(hn(id)),h2)))),
s1#+0 7213 s2+0.
LAk well-formed RV & « % F 7 —2 & well-formed &
VTRV - 2y b T =2 ERNVTEENETRIESR,

BETHALVS - 2y b7 - RBERIETE DY TH S
M, COTTTCREHEBRLECOEREIBRLLIC W
DT, WOPDEBLX I THAL, #nI2L-TIR
KENDbODHY wellformed b V¥ - Zv b 7—s T

HoLERLLET.

[£#% 6] VidEID. hn(id)=nil ®BHANVY - 3y b7
=7 hnBAFNY - 2y FU—sThHY, BLTORKICL
DRBRENIHRNSY - 3y bT—2ORIKRASY - &
v EI—0THS,

Generate: WFHN X ID—WFHN.
Generate(wfhn, id) = wihn' £ T 5 &,
b L wihn(id)#nil % 5,
Generate(wfhn) * (id) = wfhn(id),
% L wihn(id) = nil 2 5,
Generate(wfhn) - (id) = (e, e, e, {}).
ZRLBHA - BYAMORELTE,

SetL:WFHN XID X L—~WFHN.
HEDRNIONS 7V—-X - VFI VY EETS.
Setl(wfhn, id, 1) = wfhn' £ 4 5 &,
Vid'#id. wfhn'(id’) = wfhn(id).
if Slot#(pr1(wfhn(id))) = Slot#(1) then
prl(wfhn'(id)) =1
else
prl(wfhn'(id)) = prl(wfhn(id)),
pr2(wfhn'(id)) = pr2(wfhn(id)),
pr3(wfhn'(id)) = pr3(wfhn(id)),
prd(wfhn'(id)) = pr4(wfhn(id)).

Hold:WFHN X ID X ID—WFHN.
Hold(wfhn, id1, id2) = wfhn' £ 5 &,
6 L wfhn(id1)#nil 2*2 wfhn(id2)#nil % 5%
i*idl, id2 KB T wihn'(i) = wihn(i)&
prl(wfhn'(id1)) = pri(wfhn(id1)) &
pr2(wfhn'(id1)) = pr2(wfhn(id1)) &
pr3(wfhn'(id1)) = pr3(wfhn(id1)) * id2 &
prd(wfhn'(id1)) = prd(wthn(id1)) &
pri(wfhn'(id2)) = pri(wfhn(id2)) &
pr2(wfhn'(id2)) = pr2(wfhn(id2)) - idl &
pr3(wfhn'(id2)) = pr3(wfhn(id2)) &
pra(wfhn'(id2)) = prd(wfhn(id2))
FHhLA D & & 12 wihn' = wihn,

Unify:WFHN XID X NXNX NXN—WEHN. Unify(wfhn, id,
hl, s1, h2, s2) = wihn'.i%id & 3V T H wihn'(i) = wihn()
TH5b.

BB i=id BV T whhn(@)#nil Z5HADALEXS.
T DA, pri(wihn'(id)) = pri(wihn(id)) 2*2 pr2(wfhn'
(id)) = pr2(wfhn(id)) 2* 2 pr3(wfhn'(id)) = pr3(wfhn(id)). D
LIRI=Z T4 =2 a v —T NPT e v,
gL 4= arvi—T Vo0 TRRE,
h1#0%4*2h2+0 T& ) D wihn(SBIndex(pr3(id), hl))
#+nil, wihn(SBIndex(pr3(id), h2))#nil TH 5 & & 1%,

51,52 DB LHNEFTHH »o,

0 = s1 = Slot#(pr1(hn(SBIndex(pr3(hn(id)),h1))))

PO0=Es2 = Slot#(pr1(hn(SBIndex(pr3(hn(id)),
h2)))) TH % & & D& pra(whhn'(id)) = prd(wihn(id) U [(hl,
s1,h2,52)).

h1#0 »2h2=0%»>
wihn(SBIndex(pr3(id), h1))#nil D & X,

1=52=Slot#(prl(id)) 7*2,

1=s1=Slot#(pr1(hn(SBIndex(pr3(hn(id)),h1))))
TdH 5 L & DA pra(wihn'(id)) = pra(wihn(id)),

hl =022 h2+0 »2

wfhn(SBIndex(pr3(id), h2))#nil ® & &,

1=s1=Slot#(prl(id)) 2*2,
1 = 52 = Slot#(prl(hn(SBIndex(pr3(hn

(id)),h2))))TH % & & D Hpra(wihn'(id)) = pra(wihn(id))U
{(hl1, s1, h2, s2)).
DED&E @8 %4, wihn' = whhn. |

7)



AT [E#H1] »6 [E®WS5] FCTEONDERN
S-Fvbu—2sk, [EH1] »5 [E%R4] TR
2nE 3T [(EH5] oRbhic [E&w6] LAHVTE
ENBRNY - Fy FT— 7 OBMRIKOVWTERT 5.
BECL->THROLNILDORIZEORFEMIZLTY

3. FRREORGELWIT RV - F Y P T—2 D)
L CA=N— kW T F—T VY TRV F—T VO
FIAMXBIECEINTEDRNY - Ay b7 —0%F
RTALSbDOTHB ETNE, BALPOBREORKD
RFIDTEELT, FheRT AT ENFTEDT LMGE
HTE3., o7/ BEREHEBTHR) v b0T
HEOT, UBRBEFCBVTHEALLZFEEYECLLE
RALE P LCELED S, £ OMBICHRIEMPAICE
B CELRBYERTHIEREDRNVY - 2y F7—
SRINEBENETAFAT - Tuty ORELE
KL ¥ 5.

[(E#7] UTORArZEHT 5.
GetL:WFHNX ID—LU (nil}.
HEDORVIONFTTL—X - )T T NVERD.
if wfhn(id) = nil then GetL(wfhn, id) = nil
else GetL(wthn, id) = pr1(wfhn(id)).
Unhold: WFHNXIDX N—> WFHN.
PATcATb B ED | BOHodRHIC L N B o K
{L%BHES 5. Unhold(wihn, idl,nl) =wfhn' &£ LT,
if pr4(id1)>(a, b, c,d) s.t.aorb=nl
then wfhn'(id) = whn(id) else AT D £ B )
Vid€ID. s.t. id¥idl, SBIndex(pr3(id1), nl).
wfhn'(id) = wihn(id).
GetL(wfhn', id1) = GetL(wfhn, id1).
GetL(wfhn', SBIndex(pr3(idl), nl))) =
pri(wfhn(SBIndex(pr3(idl), n1))).
pr2(wfhn'(id1)) = pr2(wthn(id1)).
pr3(wfhn'(SBIndex(pr3(idl), n1))) =
pr3(wfhn(SBIndex(pr3(id1), n1))).
prd(wthn'(SBIndex(pr3(idi), nl))) =
pra(wihn(SBIndex(pr3(id1), n1))).
pr2(wthn'(SBIndex(pr3(idl), n1))) &
pr2(wfhn(SBIndex(pr3(id1), n)))? % 1 @ %*
Evi7=b . pri(wihn(idl)) i3 pr3(wfhN'(id1))?
EnlFHOERLENI LD,
prd(wfhn'(id1)) = {compact((a, b, c, d)) !

(a, b, ¢, d)€ prd(wfhn(id1))}

7273 LM compact it, 2,cDIHTnl L HKEVHD
¥ 1006 T6DTHS.

De-unify:WFHNX IDX NX NX NX N—WFHN.
BELNFIATORABRED | BOUniyBIC L DS
S BALDAEEET ST L THS. De-unify(whhn, id,
nl, n2, n3,nd) =wfhn' & LT,

prd(wfhn'(id)) = prd(wfhn(id)) - ((nl, n2, n3, nd)}.
RELICTAVWAESDTIEHRRN L) KEHEN
TVHbDNET S,

A-B& AN—B.

Remove:WFHNX ID—WFHN.
BROKNIITONT (e e (J)REET ST THA
Unhold& i De-unify¥ #2DEL, €)% o6& Dk
M QST D, Tbb whn'(id)=nil £ T 5.
Supers: WFHNXID—ID*.

BREDKNVIDRA— 1=K VT F—T VBT,

Supers(wfhn, id) = pr2(wfhn(id)).

Subs: WFHNXID—~ID*.
BREDOKNSOF TRV TF— T VEERT.

Subs(wfhn, id) = pr3(wfhn(id)).
WhichAttached: WFHNX IDX NX N— 2NXN,
WhichAttached(wfhn, id, n1, n2) = {(idl, s1), ..., (in, sn)}
£ LT, nil TEVERVSY whhn(id) T Subs(wihn, id) P

Hal BEO RNV Y OEn2 ATy b 2* Subs(wihn,id) PID
MBEEORNVSOMATY 2T 74 LTVERE
EFo nl, 2 ODHECHDXELVA A 77
AOWEL BB LI R L ERBREGLET,
WhichAttached(wfhn, id, nl, n2) = {(n, s) !

(n1,n2, 0, s') Epra(wihn(id)) #FFET 5% 6.

(', s') = (n, s)

(', s', nl, n2) € prd(wihn(id)) PFET 5% 5

', s") = (n, s)}. | |
T »3E % THH Unhold, De-unify, Remove & & &S
NBZENY - Fy b7 —2 12 well-formed TH 5 T L HEE
Band, EEOHUTHALTATAT - 7Oty
OMEEL IR, ()R Y - Ay FT—s V) TS RE
CF— SR BMTE, QKRNVYT - Ry b T—s DT
TL=X - YFI NI LTOASN, RERCRELTT
%5, QkNVY - Ry bI—sFHONFTTL-X )T
FUUNOEHR (TbbhNy - Fv b 7— 2 2R
T HHERR) W LTOATN), RERUCEREIT:
5, WHBEEBOMEE LTQRUQ)OXEETS, T
LThot. UFToomtERLT 5.

[E3%8] 74747 - 70ty FOBERUTOERR

(M QUE = . -3 (-

Generate: WFHN X ID— WFHN,

GetL: WFHN XID—LU {nil},

SetL: WFHN X ID X L—WFHN,

Hold: WFHN X ID X ID—WFHN,

Unify: WFHN X ID X NXNX NXN—WFHN,

Unhold: WFHN X ID X NXN—WFHN,

De-unify:WFHN X ID X NXNXNXN—WFHN,

Remove: WFHN XID—+WFHN,

Supers:WFHN XID—ID,

Subs:WFHN XID—ID,

WhichAttached: WFHN XIDXNXN—NXN. W
JFI ML T AREDLDOREMIRT T TOEHI
ARTiRWEZVH, H—ERLHOHT, Thlybem
DY, VFSVOBRERERTE, ZoNVTFINE
MAET B L Vo ZHANTTRTH L LEEL TS,
XK LT B OEFLBr ST RANTEZIL
BREELTWS,

(8)



