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Transformation of relational ofperations into efficient programs
— an application of proof-transformation
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This paper proposes a method by which a database query expressed by set-oriented operations is transformed
into an iterative program that accesses databases in record-wise manner. In our method, the transformation
process proceeds as follows:

1. A query is transformed into a proof in a constructive logic system.

2. We transform the proof into another proof.

3. An iterative program is extracted from the proof obtained by step 2.
Since we can deterministically transform proofs, the method described here transforms a query into a program
more efficiently than the existing method utilizing the program transformation techniques such as unfold /fold
rules and term rewriting rules.
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ZDX Yy TRHEDB MO E U Tk, Freytag [2] OFREZBTSZ LN TES. Freytag 1. unfold/fold
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BONEFEEZBEDIC(C LY 2O ARRNEL Tz 2ERt BHLTHEE, A,(H) ICE Y. A OFDOHK
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HBD. EREL, BELEBICHEST LN EROFIZ, HRLIEE,»OR2Y . BXRRETLEDNL D5 &HOK
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db([s]) record(a)
db([]) db([a.s])
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ZCH LU THRILBEREEHES LTS CUITFRARTHRBCOWTHRETHS.).

union(s,t,u) I LY. s &t ORI w THHIZ LE2RT:

union([],¢,u) union(s, ¢, u)
union({],[],[]) union([ ], [b.t], [b.u]) union([a.s], t, [a.u])
join(s,t,u) ILX V. s &t OFNB v THEHZ LEFRT:

join(s, t,v) join2(a,t,v,u)

jOin([]r t, [ ]) jOi“([a'"’]vt: u)
join2(a,t,v,u) app(a,b,c)
join2(a, [],v,v) Jjoin2(a, [b.t], v, [c.u])
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7elZL, ROTEPBHEYILObDLL,

F VYa(record(a) D p(a) vV q(a))
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VsVi(db(s) D db(t) D Ju( union(s,t,u) A db(u)))
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ROWEOMT 3 MM v, 4EBLE FYCHLU. FFHO FY, - FY O F BEYSI-Z &3 To L

NTEBD, 22T FFY O F 3RS CET A HRBNZT2 AW TRT I N TESBRN FFOFY 370
FryavBRBEEHVRNWERTIENTERNZIE2EEL TBL,

KXFGENMU.F -G 2UTOLSICERT S:

o HERBIAOD D B, (A-D, (A-E), (v-1), (O-1), (V-I), (V-E), (3-I), 7u ¥ 7 v a VEALZBANT, F Hif
WHEHIOFHRTH Y. G PREBTHIH. G- F &7 5,

[4] (8]
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3

3 1 3 2
o (V-E) C  wHnT.&—C, 6—C, A~ AVB, B—AVB L+53,
C

o O-E)A2B A ri3nT,B—~A>B L5,

[Fz(a)]
!

1
. (3-E) 3z F H

5 GCJS'/\'C.}?{—-AII{, Fy(a) — JzF LT3,
H

e TUuXria VF;‘E%R(") mino;‘deductions IZBWT. G % minor deductions DOV D{LE DHFHFED
end formula £330, F -G &£75,

HEFHREOT DR F,G L. F —* G BHEYI-E &, Gk F 2IFALTS path LichB L5,
Tl it — ORSHEBEEERDT.

LTI Y ar OWDIZALUIETEIL, UTICHMARREC LY, ROEVIRICERT D ENTED:
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P(p) minor deductionss
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effl, |3 i3, Fu ¥ oy a il 3 HERBEIARWEEEZRDLTWS LT3, 20X 5 RIEHRIZES D
IZiZ. minor deductions; & |3 ZHUETIUL LW,

minor deductionsz D)% minor deductionsy O OFFRD 1 >%

[®4,(a.)] l [84.(an)]
QA (G)
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S e ~ By (b ces By b, > 3 4 N > )
1.7nﬁa/a/¥A—L%mFLmlkkwr‘ﬁ%@Bw)ﬁE%ﬁxBnK%éo
2. 77V arRBCIVHESADIRELANORENB E R L OhZEE,

1 OB/EERI Bizdicit,
Blfh!w Bm!bm!\l’
Bl(bl.)w Bmgl’m!‘P ‘I’Bg 1 ‘I’B,,. 'm
-Bl bl. o Bm bm l

0] ¥5(b)
B(b)¥

EFhE R, 2L 413, TuaFrva Vi;)\ﬂﬁd);—'('g;—-(éml {28553 D minor deductions; D DI
HTHD,

2 OBEEMET DD - F DO FE R L,

BlEDWBR{ERITIR STe R T, $4,(a) (1< i< n) OPREEEBI LN TWRVWLDOBHIUL. F &,4,(a;)¥ D
B, (@) I2ED, By,(a;) PEIROFEEWRD L 51T 5,

CODXSRBERITLO T LI LY., minor deductions; BRI TX 3,

L3 DHIE Z X, minor deductionsy 2T 5 & 20HMER, |, TRENJFITCRHL THRZIZ LW,

6 LW o AR IR o R E
WDk 7V a v TR ERIBMEOHE L L TR, RO ERETFSHh 3,

1. 220708 7vavRENIDRELDLRBIH5ICRLZTY, Fid, Fud sy aVBRESES RV
ARDD. TOLIRBPB/IEFFOFY 2AVEHETHS. LrL, MOZ 2 E2E. FFOFY 2
WTFRERBTEZ[AICIE. 22007 uFrvavREd1oCT5 2R TES,

2. BHURFE, EROT O path EIZ. HRBEIZEEHR2I 5 ZLICEVIFRbABZ DT, MWRINE 25
hil, RO Z 2B Rz I VWh R HEICmA - LB TE 5,

BEozZ bick by, HAHEDESHOMEL QIR > TR, it v a v OBHRIBMEIZ LY, B
BWEOPRBENDINE SPEHETDZ LN TE, e, THMBELZEOL S ICEDIENDRETEZ L
HBhhrd,

T BAWHEEXRTHENROLE R

7V ar 4B, AL OB SRCHETSRER (#) SR TE B2 LRk, Fhb oX O
WD E, FOHF Y 2 BRED minor deduction DF DFERBICBVTiL. end formula ¥ HiF AL T3 path
i ®T, 7o I v a BREBECE>THESNBFEETKRDAZ RIS, £z, FhALOTu s rvavy
REMBEDE DT DICHLELRHERRINL. (3-B), (AE) THB. Lich->T, Fhd DiEHRE A EbERD
DICEBIREERITRO L F F DO FE ZHOABLERRVOT, 7uF ry a VBREOEMSED Z Lickh, T
LDORNBP LB B, e 2, 7V a4 ORVISHELEREFE L o2 S bIcshiSd 5 AR RS 5
L, OBHIOTOFT Y a BREBRLRY, RO S RIHRAESNS:

[(join(s,t, a) A db(a))®®] [(join(s,t,a) A db(a))Fi
db(s) db(t) j,oi’n(a,t,a.) v(project(a,v) A db(v

lv . Jjoin(s, ¢, a) A Ju(project(a, v) A db(v})
Ju( join(s, ¢, u) A db(u))®av Ju(join(s, t, u) A Fv(project(u,v) A db{v)))
Ju( join(s, t, u} A Jv(project(u,v) A db(v)))
fefrZL,
(join(s,t, u) A db(u))’:'b = join(s,t,u) A db(u) A Ju(project(u, v) A db(v))
ThHo.



—fRIT. 2 OOBEAFEBICHT HIAHARZMA SR O OOEREOFIL. RO S:

db(s) minor deductions
Ju(opi (s, u) A db(u) /\lgu(opz(u, v) A db(v)))

Ju(op1 (s, u) A Fv(opa(u,v) Adb(v)))

2L, | i, RETEESCET A HRHEUNOL» LR THD. ThERD L, | O ETORARXIZE AL
UTHY, ERLOBBREHZTHI L. | OBFIHBELFILR2VOTIOMIIFRETHS, Thbb, &
BEOIRR LB 5 DICIE. SHRAFEOEHRIZHALADE THLEREITR 5 L8R <, BB
OPDOFaF 7Y a EEED minor deduction H D path IZ¥ - TE &M% 2174 - THEHE A MRT L L v
Ltk B, LieRoT, HBHMAFHEOIEVIRIPO path 5 5 LD TBIHNE, BEFHR» S (ERKLD)
FEARE MR SIEEEZIRREDDIZENTE S,

minor deductions O'F TIEHARIOEMRLICHMRT 2 HEBL. KROBEY TH 5:

F(t,«) record(a)
i

1 JeF(t,e) JoF([at],z)

JzF([], =) Iz F([a.t], =)
(5] 3BV B X 5 RFECHSRSS 707 T AEMHT 5 L. (V-E) it if X, (3-1) MK Y & — DT,
(3-E) BEkE ETLEEBZ T L, Tuf sy a VRERRFHRPUHL 2T 5MBOERICHIET 5. Lichi-
T, FWRUZHEHED S 7u S AT 5 L. BSHEOERPUHL ZT5HEAELND. ZDL 5K
E¥i, V=7 7u SIS ACERTIZENTEAOT, fil. . BIR. HELSLRIHEAFHNL. V-7 70
FIRCE>THETBEIENTEXBI RIS
8 Bbbhic
ZORITIX, e OBRESEAETCHT AR EZEAEHEAZ LI X ., BEFERICT SHETIRZMKEL .
FRETRLTELNWAENRDIS, BAEERLZIET3IROIWI 0 ST ABNELNDZ EERLE, 22
IR ZEHRITHRIL, path 25 2 LIiC X D EBRIREEZ L S BDIE LV ENTS o THB Z LN TEBIHR
BHFoTWAZ LS BAL 2.
9 B
AWFROWEE LI TTE - ) Va— Y7 by = TUEFOBHHF T BB £7.
References

[1] Burstall, R. M., and Darlington, J.: A transformation system for developing recursive programs, J. ACM,
vol. 24, No. 1, 1977, pp. 44-67.

(2] Freytag, J. C.: Translating Relational Queries into Iterative Programs, Lecture Notes in Computer Science,
vol. 261, Springer-Verlag, 1987.

[3] Hagiya, M: A Proof Description Language and Its Reduction System, Technical Report 82-03, Department
of Information Science, University of Tokyo, 1982.

[4] Hagiya, M., and Sakurai, T.: Foundation of Logic Programming Based on Inductive Definition, New
Generation Computing, vol. 2, 1984, pp. 59-77.

[5] Hayashi, S.: Extracting Lisp Programs from Constructive Proofs: A Formal Theory of Constructive Math-
ematics Based on Lisp, Publ. RIMS, Kyoto Univ., vol. 19, 1983, pp. 169-191.

[6] Huet, G.: Confluent Reductions: Abstract Properties and Applications of Term Rewriting Systems, J.
ACM, vol. 27, No. 4, 1980, pp. 797-821.

[7] Martin-L5f, P.: Hauptsatz for the intuitionistic theory of iterated inductive definitions, Proc. 2nd Scands-
navian Logic Symposium, North-Holland, Amsterdam, 1970, pp. 179-216.

[8] Prawits, D.: Natural Deduction, Almqvist and Wiksell, Stockholm, 1965.

[9] Ullman, J. D.: Principles of Database Systems, Computer Science Press, San Francisco, 1982.




