Appendix A

The JC 2 algorithm computes Cpjjx, Spj+1x and ts_start([j + 1], k) values for 2 < j+1 <
len(k) and 1 <k <m for the jobs [j] and [j+1] that are processed on machine & if DRy j+1] = 0.

JC 2 Algorithm:

Input: A, u, gy, npjeas Spiks ts_start([jl, k), ts_steady([/], k), pi[j], Rl.[j] with i = 1,...,np,
and p,[ljﬂ] with h=1,..., npjiq
1. During cycle vy [

1.1 Zo: = Sk T ts_start([j], k) + ts_steady([j], k)

V) - U] [j] — Ul
12 Uppy) 3= Zo + max {”’ R"[i]}’ Lingen = Uiy +€

1.3 Forizn[j] - 1, ceey 1:
1.3.1 U1[,]i]:: max {LV] _+u, Z0+Ri[]]}

, ] 1,i+2
132 W, =ul+0
2. During cycle v, [j1, 2 < e < DRjjj1) T It
V) — Ul U] U1 Ul — Ul
21 Ueny = max {Le—lre T b Lesypy, p"m}’ Letiny=Uen; + O

2.2 ForiZn[j]-l,...,e:
o= (1 + il + ), 00

el ei+1 i
3. During cycle 7y [j1q3:

. — qU+1l _ ;U] U+1] ,_ yU+1]
Output‘ S[j+1],k '_ Ul,O - LDRU]’[J-_'_l]+1,DR[]']’[]'+1]+2 + U, Ll,l '_ U1,0 + Q

4. Ifnjj) - DRpj 1) > M)

4.1 During cycle 1,11}, 2 < e < npjyq:

U] — { [+1] U1 [J']} U1 —
4.1.1 Ue+DR[j].[j+1]'”[j] =maxiley; + K 'Le+DR[j].[j+1]‘1'"[f] t Pny, ’Le"'DR[j],[j+1]'1+n[1'] )

yU! +Q

e+DRj[j+11 1]
412 Fori= Tl[]] - 1,..., e+ DR[]]'[J+1]

Ul

U1 U] un Ul
e+DR(j] j+1)t *

= maX{Le+DR[j]’[j+1],i+2 t tLeipryypy-1i T P }’ e+DR[jj[js1i+]l
U]
e+DR(j ey T Q

413 UuUtl.= max{LU] + ARt pgfll]}, L[ejlzl] =yt 4 Q

ee—1" 6+DR[J']'[j+1],€+DR[j]'[j+1]+1 e—1l,e—1 ee—1

414 Fori=e-2,...,0:



4.2
4.2.1

422

423

43

Ugiﬂ] — max {LUH] + VY 4 p.[j+1]} for i > 0, otherwise UEL-H] =1 4 in

ei+2 e—11 i ei+2
R U+1] . U+1]
both situations Lyivi =Ug; —+0Q

During cycle Te,[j+1]> M[j+1] +1<e< nj - DR[]]'[]+1]

Repeat the Steps 4.1.1-4.1.2

U+l . _ { L) [i+1] [j+1]} L+l
Ueingjey = Max Le+DR[j].[j+1]»e+DR[j].[j+1]+1 Lo tny T Pryen) o Levingy
[+1]
Ue,n[j+1] + Q

Fori=nU+1] - 1, ceey 0:

j+1 +1 +1 +1]) e s . +1 j+1
Ue[{;r I':= max {LB;; + i ngl,]i + pi[]+ ]} if i > 0, otherwise Ue[{; - LZL;

. : U+1] ._ U+
both situations, L, ; = Ug;, " +@Q |
o ts_start([j + 1], k) = LU+ - S[j+1]k

. . Ul
Output. C[]]’k = LTL[J'],1+71[ nij1=DRyj) [j+1)1

+u, in

5. Otherwise if njj; - DR j+1]) S Npjea):

5.1 During cycle T [j41), 2 < e < nyjp - DRyjjj+1)> repeat the Steps 4.1.1-4.1.4

5.2 During cycle t¢ [j11], njj; — DRpjjj+1y + 1 S e <nypjpqy:

5.2.1 Ue[{:_ll] = max {L[gjll]l + L[ejfll']e_l + pgi_+11]} if e>ny;; — DRjjj+1) + 1, otherwise
Ue[{:_li = {L[,{[]j],n[j]ﬂ + L, L[ejfll ]e—l + pgj—ll]}, in both situations LEZ” = Ue[{:_li +Q

522 Fori=e-2,...,0:
Ue[{iﬂ] = max {L[e];l; + L[e]fll]l + pi[j+1]} ifi > 0, otherwise Ue[{iﬂ] = L[g;lg +u, in
both situations LE:EZ U e[{i+1] +0Q

6. Output: Cjjyx = L[r{[],-],1+n[,-]’ ts_start([j + 1], k) = L[T{;ﬂ]'l - Spj+1) k-

The starting time of the close-down period of job [/] is Zo:= S, + ts_start([j], k)

+ ts_steady([j], k). By the BESS algorithm we know that starting from 2, v;;; will be

executed. Thus, the robot first moves to the (n; j])th step and the value of U

]

Lng depends on if the

wafer in this step is finished or not. Hence, we have Statement 1.2. Then, the robot moves to step

i,i=ng-1,np;-2, ..., 1, unloads a wafer there, moves to step i + 1 and loads the wafer there.

Thus, Statement 1.3 is realized in a similar way.
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During cycle v, [j1, 2 < e <DR[jjj+1) T 1, job [/] is performed in a decremental way and job

[/+1] has not started. Therefore, Statements 2.1 and 2.2 can be obtained easily.

During cycle 7,11, as we can see from Fig. 7, we only unloads the first wafer of job [j+1]
from one load lock and loads it into the first step of c[;44). Combined with Statement 2.2 we get

Statement 3.1.

In the following, if npj; - DiR[jj[j+1] > Nj+1], Job [/+1] reaches the steady state before
BESS close{[j]} ends. During cycle 7,[j117, 2 < e < npjiqy, as job [j] is performed in a

decremental way, and job [j+1] is executed in an incremental way. Thus, similar to Statements

5.1.1-5.1.4 we can get Statements 4.1.1-4.1.4 in the JC 2 algorithm. Note that as V14DiR(j) 3111

has executed in Statements 2.1 and 2.2, hence, the index of U and L in Statements 4.1.1 and 4.1.2

has to start from 2 + DR 1j413-

During cycle 7, j113, nyjr1y + 1 < e <npjj - DRjjjj+1)> Job [/+1] has reached the steady state

but job [/] is still run in a decremental way. Thus, we repeat Statements 4.1.1 and 4.1.2 for job [/].

Combined with Statement 4.2.1, we get Statements 4.2.2 and 4.2.3 such that Cj;;, and

ts_start{[j+1], k} can be determined.

If npjy - DRyjy[j+1) < Npj+1], BESS _close{[j]} ends before job [j+1] reaches the steady state, and
during cycle 7,41y, 2 < e <nyjy - DR{jjj+1y> jobs [j] and [j+1] are also performed in a
decremental and incremental way. Therefore, we have to repeat Statements 4.1.1-4.1.4. However,
during cycle 7,117, Ny - DRpjj 1) + 1 < € Snyjyq), BESS close{[j]} has completed but job
[/+1] is still run in an incremental way. Thus, Statement 5.2 is obtained in a similar way such that

Cijjk and ts_start{[j+1], k} can be determined.



