*

ABSTRACT

________________________________ * K-0092.

− 6

p 1 function c_p t c_p (t μand ρ ________________________________ 1 c_p p t and t′ where c_p (t)=c_p (t′ c_p

0 ≤ c_p (0) (2.1)

1 t_2− t_1 c_p (t_2)− c_p (t_1) ≤ 1 for t_1<t_2. (2.2)

c_p μ

of c_p ρ

^_p p

p and q satisfy

Synchronization: ĉ_q (t)− ĉ_p (t) ^ t, (2.3)

Rate: 1 ^ ≤ t_2− t_1 ĉ_p (t_2)− ĉ_p (t_1) ≤ 1 ^ for t_1<t_2, (2.4)

δ̂ and ρ̂ .

above.

always

ĉ_p i^{th} adjustment, p ĉ_p^i .

Define FIX_p^i c_p p ĉ_p^i ĉ_p^i (t) ≡ c_p (t) + FIX_p^i .

ĉ_p^i ĉ_p . p in N processors.

i := 1; FIX_p^i := 0;

await t_T;

FIX_p^{i+1} := CF (ĉ_p^i (t_T), ĉ_1^i (t_T), ..., ĉ_N^i (t_T)) − c_p (t_T); i := i+1 CF particular, CF (ĉ_p^i (t_T), ĉ_1^i (t_T), ..., ĉ_N^i (t_T t_T.

"await " ĉ_p^i : do ĉ_p^i (t_T)≠NextSynch → where NextSynch δ̂ i^{th} time within δ̂ "await " ĉ_p^i (now)=NextSynch

CF .

CF N N+ CF N N p evaluates CF p+1^{st} . CF

CF CF (x_p +v, x_1+v, ..., x_N +v) = CF (x_p , x_1, ..., x_N)+v. CF for N− k CF k π precision CF CF δ, ε a_1 a_{N− k} such that x_p =x_{ai} , y_q =y_{aj} and i, j ≤i, j ≤N− k: x_{ai} − x_{aj} ) i, j ≤i, j ≤N− k: y_{ai} − y_{aj} ) ∀ i ≤i ≤N− k: x_{ai} − y_{ai} )

then CF (x_p , x_{1,}..., x_N) − CF (y_q , y_{1,}..., y_N) (δ, ε). δ using CF δ p and q CF ε v v CF − π(δ, ε k π(δ, ε) < δ, CF implements

CF CF (x_p , x_1, ..., x_N δ of N− k− x_1, x_2 x_N δ a_1 a_{N− k} i, j ≤i, j ≤N− k: x_{ai} − x_{aj} ) , (max i, j ≤i, j ≤N− k: x_{ai} − CF (x_{aj} , x_1, ..., x_N)) (δ).

Function α accuracy of CF CF α(δ) ^ δ δ̂

CF_{EA}(x_p , x_{1,}..., x_N x_1 through x_N that δ from x_p .

k CF_{EA} k+1 = N π is π(δ, ε)= N 3f δ

where f α(δ)=4δ⁄3. CF_{FCA}(x_p , x_{1,}..., x_N x_1 through x_N δ of N − k k CF_{FCA} k+1=N π is π(δ, ε)= N 2f δ where f δ⁄3 α(δ)=4δ⁄3. CF_{Mid}(x_p , x_{1,}..., x_N x_1 through x_N k k k CF_{EA} k+1 = N π(δ, ε) 2 α(δ) . CF_{Avg}(x_p , x_{1,}..., x_N x_1 through x_N k k k CF_{Avg} k+1 = N π is π(δ, ε)= N − 2k f δ where f

α(δ)=δ. CF_{EA} CF_{FCA}

CF_{Mid} and CF_{Avg} 83]; CF_{Avg}

p ĉ_1 ĉ_N p N

CF (ĉ_p^i (t_T), ĉ_1^i (t_T), ..., ĉ_N^i (t_T)) − c_p (t_T p τ_p^i [1 c_p (t ĉ_q^i (t sor p approximates ĉ_q^i (t c_p (t)_p^i [q]. τ_p^i , p

Γ_{min} and Γ_{max} Γ_{max min} p τ_p^i [q send "i^{th} " to q; receive C from q 2Γ_{max} ; if timed-out then C : ; τ_p^i [q = c_p (t_{now})_{min}− C where κ p q p and t_{now} τ_p^i [q λ_p (q p q’s i^{th} virtual Λ ĉ_q^i (t) − c_p (t)_p^i [q]_p (q) .

Λ on λ_p (q p q q ρ̂ τ_p^i [q Γ_{max min} Γ_{min} q p τ_p^i [q t, λ_p (q λ_p (q)_{max min} + 2ρ̂ (t − Lread_p (q)) where Lread_p (q p τ_p^i [q λ_p (q t t − Lread_p (q Λ λ_p (q τ_p^i [q t − Lread_p (q)

FIX_p^{i+1} t − Lread_p (q ρ̂ (t − Lread_p (q)) Γ_{max min} λ_p (q).

q periodi-

p updates τ_p^i [q

p

An

CF

ĉ_x^i proc , i, offset i proc proc x ĉ_x^i(t p as ĉ_p^i (t)_p^i [proc ]+ p can send ĉ_x^i q send proc , i, to q (5.1) and q ĉ_x^i receive proc , epoch, Subsequently, q approximates ĉ_x^i ĉ_q^i (t)_q^i [proc ]+ .

Because ĉ_q^i_q^i [proc ĉ_{proc}^i

λ_p (proc )_q (proc p ĉ_x^i q reconstructs ĉ_x^i Λ.

(Recall, Λ λ_a (b a and b.)

transmitter

"know"

"know"

2

________________________________ 2

m

Λ

CF_{CCA} CF_{FCA}. CF_{CCA} CF_{FCA} CF_{FCA} CF_{CCA} δ⁄ δ⁄ CF_{EA}, CF_{Mid} and CF_{Avg}

Λ

Λ CF_g g^{th} k <g <N− k k CF_g

CF_g g^{th} k p v_p v_p [N q v_p [q](t Λ of ĉ_q (t v_p [1](t)>v_p [2](t)> >v_p [N](t v_p [g](t)− v_q [g](t) 2Λ p and q g^{th} largest 2Λ π(δ, ε)=2Λ δ k <g <N− k g^{th} δ δ α(δ)=1.

g + g+1^{st} g+1^{st} larg- g

A v to accept mes-

v within β other.

β β

message.

max min 3 T+a T

ĉ_p^i (t)=T p broadcasts T+a , p T+a , q q p relays T+a , q processors. T+a , p_1 T+a , p_{k+1} where p_i ≠p_j for i ≠ j T+a , p_{k+1} p_{k+1} Γ_{min} T+a T+a , p_{k+1} p_{k+1} accept T+a immediately.

________________________________ 3Recall, Γ_{min} Γ_{max}

β k

CF CF T+a t_p p t_q q p and q_{max min} ĉ_p^{i+1}(t_p )=T+a and ĉ_q^{i+1}(t_q )=T+a π(δ, ε)=(1 ^)β α α(δ)=( 2Γ_{max})(1 ^)− a δ seconds T the k+1st Γ_{max}

CF

[Halpern π, α

Acknowledgments

References

[Dolev tems

[Halpern

J.

[Lamport

Proc.

degradation. ing

Specification

ĉ_q^{i+1} clocks ĉ_p^i q ĉ_p^i p if ĉ_q^{i+1} has q. Let RC_{min} δ̂ δ̂<RC_{min}, (7.1)

t

t_p^i ĉ_p^i p

ĉ_q^i (t)− ĉ_p^i (t) ^ t_p^i , t_q^i ) ≤ t < max(t_p^{i+1}, t_q^{i+1}) (7.2)

ĉ_q^{i+1}(t)− ĉ_p^i (t) ^ t_q^{i+1}, t_p^i ) ≤ t < t_p^{i+1} (7.3)

Let R_{max} p ĉ_p^{i− 1} ^ q ĉ_q^{i− 1}^ p i^{th} clock, q t_p^i , when p starts ĉ_p^i , ĉ_q^i (t_p^i )− ĉ_p^i (t_p^i )_p^i .

R_{max}, p ĉ_p^{i+1} t_p^{i+1}≤t_p^i +R_{max} and q ĉ_q^{i+1} at

t_q^{i+1} ≤ t_p^i + 1^ (1 ^)R_{max p}^i (7.4)

because ĉ_p^i (t_p^i )_p^i +(t_q^{i+1}− t_p^i )(1 ^) ≤ ĉ_p^i (t_p^i +R_{max})

= ĉ_p^i (t_p^i )_p^i +(t_q^{i+1}− t_p^i )(1 ^) ≤ ĉ_p^i (t_p^i )+R_{max}(1 ^)

t_q^{i+1} i δ_q^{i+1} ĉ_q^{i+1} as α(δ_q^{i+1} i q Λ ĉ_q^{i+1} t_p^{i+1} α(δ_q^{i+1} )+2ρ̂ (t_p^{i+1}− t_q^{i+1} ĉ_p^i α(δ_q^{i+1} )+2ρ̂ (t_p^{i+1}− t_q^{i+1}) ^. (7.5) δ_p^i +2ρ̂ R_{max} ^. (7.6)

δ_p^i and δ_q^{i+1} t_p^i the i^{th} δ_p^i t_q^{i+1} ρ̂ (t_q^{i+1}− t_p^i )_p^i for t_q^{i+1}

δ_q^{i+1} ≤ 2ρ̂ 1^ (1 ^)R_{max p}^i p i .

Finally, δ_p^i δ_p^1 FIX_p^0 i+1^{st} δ_p^{i+1} ĉ_q^{i+1}(t_p^{i+1})− ĉ_p^{i+1}(t_p^{i+1})

ĉ_q^{i+1} 4 ĉ_q^{i+1}(t_p^{i+1}) = CF (ĉ_q^i (t_q^{i+1}), ĉ_1^i (t_q^{i+1})_q (1), ..., ĉ_N^i (t_q^{i+1})_q (N)) + (t_p^{i+1}− t_q^{i+1})(1+ρ̂ ).

ĉ_p^{i+1}(t_p^{i+1}) = CF (ĉ_p^i (t_p^{i+1}), ĉ_1^i (t_p^{i+1})_p (1), ..., ĉ_N^i (t_p^{i+1})_p (N))

δ_p^{i+1} CF (ĉ_q^i (t_q^{i+1}), ĉ_1^i (t_q^{i+1})_q (1), ..., ĉ_N^i (t_q^{i+1})_q (N)) + (t_p^{i+1}− t_q^{i+1})(1+ρ̂ ) − CF (ĉ_p^i (t_p^{i+1}), ĉ_1^i (t_p^{i+1})_p (1), ..., ĉ_N^i (t_p^{i+1})_p (N))

CF (ĉ_q^i (t_q^{i+1})+(t_p^{i+1}− t_q^{i+1})(1+ρ̂ ), ĉ_1^i (t_q^{i+1})_q (1)+(t_p^{i+1}− t_q^{i+1})(1+ρ̂ ), ..., ĉ_N^i (t_q^{i+1})_q (N)+(t_p^{i+1}− t_q^{i+1})(1+ρ̂ )) − CF (ĉ_p^i (t_p^{i+1}), ĉ_1^i (t_p^{i+1})_p (1), ..., ĉ_N^i (t_p^{i+1})_p (N)) Λ, CF ) ĉ_a^i (t_p^{i+1})_p (a cessor a

________________________________ 4Recall, λ_q (v q v.

ĉ_a^i (t_q^{i+1})+(t_p^{i+1}− t_q^{i+1})(1−ρ^) ≤ ĉ_a^i (t_p^{i+1})_p (a ) ≤ ĉ_a^i (t_q^{i+1})+(t_p^{i+1}− t_q^{i+1})(1+ρ̂ ) CF argument ĉ_a^i (t_q^{i+1})_q (j)+(t_p^{i+1}− t_q^{i+1})(1+ρ̂ CF 2ρ̂ (t_p^{i+1}− t_q^{i+1}) CF CF with^ 2ρ̂ (t_p^{i+1}− t_q^{i+1}) δ_p^{i+1} (δ̂ ρ̂ (t_p^{i+1}− t_q^{i+1}) ).

β real T +a t_p^{i+1}− t_q^{i+1} .

Because q ĉ_q^{i+1} β ^_p^{i+1} ĉ_q^{i+1}(t_p^{i+1}) T +a +(1 ^)β δ_p^{i+1}≤(1 ^)β ĉ_p^{i+1} and ĉ_q^{i+1} start T+a . R satisfy R ≤R_{max} where R_{max} RI RI⁄(1 ^)≤R_{max} R_{max} bound. RI δ̂ < (1 ^)

RI < R_{max}. (7.7) ρ̂^

FIX_p^{i− 1} and FIX_p^i i^{th} ĉ_p when ĉ_p^i is

RI ĉ_p^i ĉ_p^{i− 1} by tick_p^i whenever c_p

tick_p^i ≡ 1+ RI (FIX_p^i − FIX_p^{i− 1}) _____________

ĉ_p α(δ δ δ̂ p α(δ̂ 0 < tick_p^i RI α(δ̂)

−ρ . tick_p^i ĉ_p RI α(δ̂)

RI α(δ̂) ρ̂ satisfies

1 ^ ≤ 1 RI α(δ̂) ≤ 1 RI α(δ̂) ≤ 1^