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KEY POINTS

(GOAL AND APPROACH

Goal: Reduction of temporal operators to nontemporal operators using adjustment of timestamps. Reduction rules that satisfy three key proper-

ties:

Problem Definition: Given a temporal operator ¢!, and input relations rj,...r,, our goal is to
express ¢! (ry,...r,) as follows: e Reducible to nontemporal queries on each
snapshot.
. T (T T
wT(rl,...rn> :w(PT(rl,...rn),...PT(rn,...rl)) (reduction) = Vt:m(¢p" (D)) = ¢(n (D))

e Original Timestamps are accessible.

-Vt (v (D)) = ¢(m(e(DT)))

where 1) is the nontemporal operator corresponding to /7, and P’ is a temporal primitive.

Solution: . .
olution e Interval boundaries of input are preserved.
e Two new algebra operators (primitives) for the adjustment of timestamps: 1. V¢t € 2.T : LT (DT)](2, ¢) is equal
— Temporal Splitter N/ 2. 2.T is maximal with respect to 1

— T 1 Al : : :
emporal Aligner ¢ where 7; is the timeslice operator, ¢ propagates

e Reduction rules for usage within nontemporal RA. original timestamps, and L[)" (D™")](2,%) is the
lineage set of result tuple z for /' (D) at time
e Timestamp propagation for accessing original timestamps. point t.

EXAMPLE

Input: Employee N employed at department Query: What is the time-varying average du- Result: Temporal Aggregation
D during time 7. ration of contracts per department? Dﬁavg( pur(r) (R)
R
N D T AVG D T
ri | Joe DB [Feb, Jul) 21| 6 DB [Feb,Jul)
ro | Ann DB [Feb, Sep) Z9 7 DB [Jul, Sep)
rs | Sam Al [May,Oct) Z3 5 Al  [May, Oct)
Processing steps: R e (R)
N D T N D U T
e T r1 | Joe DB |[Feb, Jul) Joe DB [Feb,Jul) [Feb, Jul)
Query: pU AVG(DUR(T)) (R) pv AVG(DUR(T)) r2 | Ann DB [Feb,Sep) |——>| Ann DB [Feb,Sep) [Feb,Sep)
| rs | Sam Al [May, Oct) Sam Al [May,0Oct) [May,Oct)
1. Timestamp propagation: R T adjustment
T
pv AVG(DUR(T))(GU(R)) — -
N D U T N D U T N D U T

2. Timestamp substitution: Joe DB [Feb,Jul) [Feb,Jul) || Ann DB [Feb,Sep) [Jul,Sep) || Sam AI [May,Oct) [May,Oct)

pVavaurw)) (eu(R)) v

Ann DB [Feb,Sep) [Feb, Jul)
nontemporal
, l aggregation
3. Temporal adjustment: D, TV AVG(DUR(U)) + J
R’ + Np(ey(R), ey (R)) | AVG D T AVG D T AVG D T
N 6 DB [Feb, Jul) 7 DB [Jul, Sep) 5 Al [May, Oct)
D — J—
4. Nontemporal aggregation: RN l
p, 7V ava(pur)) (R') €y €U — V¢
AVG D T
| | 6 DB [Feb, Jul)
R R 7 DB [Jul, Sep)
5 Al [May, Oct)

IMPLEMENTATION SUMMARY

OZP erator Reduction e Algebraic basis for temporal operators.
7 (r) = og(r)
B (r) — rprNs(r,r)) e Reduction of temporal operators to non-
50 (r) ~ prUr(Na(r,T)) | temporal operators.

T _
r—"s = Na(r,s) —Na(s,r) BE Y ¢ e Deep integration into PostgreSQL kernel.
rU’ s = Na(r,s)UNAa(s,r) DBMS
rn’s — Na(r,s)NNa(s,r

(r, ) (8, ) Future Work

rx’s — 04((57' (I‘, S)[X]I'.T:s.T(I)T(Sa I'))
rXps = a(da(r,s) Xorr.r=s7do(S, 1)) ‘r) : SELECT Ts Us, Te Us, + FROM e Optimization/equivalence rules for tempo-
r X7 S = a(Pg(r,s) Xgar.T7=s.7Po(s, 1)) CURE) 5 VS 18T ’ ral primitives.

T - Ng(r,s): FROM (r NORMALIZE s USING(B)) r
(g S = a(bg(r,s) " Coar.r=s.7Ps(s,T)) . .
r % s — adp(r, ) M gpr s 7o (S, T)) $o(r,s) : FROM (r ALIGN s ON ) r e Extensions towards time depended (mal-
r>7 s _ (59(1.28) DeAr.f:;.deQ(S,;) o(r) : SELECT ABSORB * FROM r leable) quantities.

e Extension to bag algebra.

http://www.ifi.uzh.ch/dbtg/research/align.html
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