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Abstract :

This paper proposes a new lifetime aware buffer mapping method of a synchronous da

taflow (SDF) graph on a hybrid memory system with DRAM and PRAM. Since the number of writ
e operations on PRAM is limited, the number of written samples on PRAM is minimized to maxim

ize the lifetime of PRAM. We improve the utilization of DRAM by mapping more buffers on DRA

M through buffer sharing. The problem is formulated formally and solved by an optimal approach

of an answer set programming. In experiment, the buffer mapping method with buffer sharing imp

roves the PRAM lifetime by 63%.
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Fig. 1 Example of SDF Graph
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Fig. 2 Lifetime chart of Fig. 1
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Table 1. Problem formulation terms
Term Meaning
Graph G consisting of No
G=VE) | 4o V and Edge E.
v;,€; ith Node v, Edge e
. The number of sample
slevd) s on ¢ at jth schedule
bs(e;) The buffer size of e;
offset(e;) The offset value of e
The boolean value of me
mory allocation status of e;(i
ple;) f this value is O, ¢; is alloca
ted to DRAM. Otherwise, e,
is allocated to PRAM. )
He.rf) The number of producing
! samples on e;at jth schedule
minbuf(e.) The ma.ximum value
! of s(e;j)
The sum of initial sample
and total sample which can
mazxbuf(e;)
be produced on e; at one pe
riod.
D,;.. DRAM size
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7ﬂ€ A A BEHE AES A
i tle, )2 A a3 1 T ZAqA A
e, 9 A5, bsle) =47 A1tH
FY o] YHE A2 &
nw o] e Adsk] % 3
= w}a}*ﬂ t(el,1):2ﬂ—§— o

AWk, AR ==}
(e,,1)d w 27]0]

golgth, a9 1 2 ZeM 3 AHA A ¢ 9
S, minbuf(e;) =4, mazbufle;) =6 A& & 5 Ak
D,,., = DRAM®| =7]& ougt} Ax sto]H
g= g FxoME PRAMI DRAMO| =717}F
Qo B = EAGe} EolE W3

at7] $stel PRAM2

I 7}4ska, DRAME vlE 487 2718 74 n
ltl. PRAMS DRAMO =717} 2¢1 A9, 18 1
o] SDF 121 39] 9% ¢, PRAM, e,t= DRAMC]
A Hm PRAMO writeH = A A&
= 6°] Hrh

(1) DRAM w2 egjo] g2 vu= WE2e] F4
a3} W3 =719 §ho] DRAMS| =715 Zet 4 gl

offset(ei)+bs(ei) <D,.. (D)

(2) DRAM Hx2ged 3dgd A= o2 F 9%
o M3 & ool GAHAA eolop gt

=(ifp(e;) =0 and ple; ) =0,
lifetime, (. ;) = lifetimes(f,;»jr)
(offset(ei) < offset(e;-) < offset(ei ) +bs(ei)

or offset(e;.) < offset(ei) < offset(e;. ) +bs(e;. )

= lifetimey(, ;)

(2)

minimize Zp(e gt (e; ) (3)
6. 2H i
H =R A3 ¥y 3 A= Answer

Set programming(ASP)S A}&3le] =402 {3
st HAskE #e AUt [20]. Answer Set Pro
gramming< Interger linear programming(ILP),
Genetic Algorithm(GA)9} #Z©] NP - hard &A1&
oz pdgse HAAZRS = mz gy o
ofolth. ASPE AREAE Aedt EAlE =ElH <l
LolZ ekl xdEste Fold =

W3k Answer set FHTAA FHA S w2 A
Zteth ASPE v 22 FHE 1@ 9o

(a) r:i- pl,p2,....,not ql,not q2.
(b) t1.
(c) = f1, f2.

(@ wek pl 3 p27h Felar, alsh a27h A%
A% re F9e e a8 ge 4%
=
3

1 #begin_lua

2 function gcd(a,b)

3 if a==0 then return b

4 else return gcd(b%a, a)
5 end

6 end

7 #end_lua.

8

numEdges(NumEdges) - NumEdges = #s
umledge(E,_,_,_,_, IR

9 sdfedgegcd(E,@gcd(P,C)) - edge(E,_,_P,
C,0).

10 possibleRepetition(Source,C/G,0) - edge
(E,Source,Sink,_,C,_), sdfedgegcd(E,G).

11 possibleRepetition(Sink,P/G,0) - edge(E,
Source,Sink,P,_, ), sdfedgegcd(E,G).
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12 possibleRepetition(Source,C*X/P,N+1) - e(A,T), not fire(B,T), edge(E,A,B,_,_, ), time
possibleRepetition(Sink,X,N), edge(E,Source, (T).
Sink,P,C,_), (C+X #mod P) == N < Nu 10 1 { fire(,T) : node( } 1 :- time(T).
mEdges, numEdges(NumEdges). 11 X { fire(I,T) : time(T) } X := node(), re
13 possibleRepetition(Sink,P*X/C N+ 1) :- petition(I,X).
ossibleRepetition(Source,X,N), edge(E,Sourc 12 sample(E,1,0) - edge(E,_,_,_,_, D.
e,Sink,P,C,_), (P*X #mod C) == N < 13 notfired(N,T) :- time(T), N = #suml[nod
NumEdges, numEdges(NumEdges). e(A)].
14 possibleRepetition(Instance,Rate,N+ 1) :- 14 numFired(A,0,0) := node(A).
possibleRepetition(Instance,R1,N), possibleR 15 notfireable(B,T) :- sample(E,S,T-1), S
epetition(Instance,R2,N), R1! =R2, (R1 # <C, edge(E,_,B,_,C,D, time(T).
mod R2)!=0, (R2 #mod R1) !=0, Rate=R1*R 16 fire(A,T) - not notfireable(A,T), time(
2/@gcd(R1,R2), N < NumEdges, numEdges T)notfired(A,T), numFired(A,T-1,N), repetit
(NumEdges). ion(A,X), N<X.
15 repetition(Instance, X) (= X = #max[pos 17 numFired(A, TN+ 1) = fire(A,T), numFir
sibleRepetition(Instance,R,_)=R ], node(Insta ed(A, T-1,N).
nce). 18 numFired(A,T,N) := not fire(A,T), numFi
16 inconsistence :- repetition(Source,X), re red(A, T-1,N), time(T).
petition(Sink, Y), edge(E,Source,Sink,P,C,_), 19 notfired(A-1,T) := not fire(A,T), notfired
XxP!=Y*C. (A, T), node(A), node(A-1).
20 sample(E,S+P,T) - fire(A,T), edge(E,A,
#HAghd v 2 dAg e 2 Fed _P.CD. sample(ES,T-1), time(T).
SDF —r#fte] disf w4 Ak vy 2718 2= 21 sample(E,S-C,T) i~ fire(B,T), edge(E,_,
2AES Fal(Step D, o ZAZ sl HA ¥ B,P,C.D), sample(E,S,T-1), S>= C, time(T).
& Agstel oAl #HHshed vy &Y Aake 3t 22 sample(E,S,T) - sample(E,S,T-1), not fi
T(Step 2) 2vHA AR FAHAY HeE £ = re(A,T), not fire(B,T), edge(E,A,B,_,_,_), tim
oA Aol &g FAIE ASPR 43 3 Aol e(T).
o}
9le] ASP #E=E SDF a2 2o 2AES + Qo] FEE od ZEE Y] de 7 =
= A GAR, 7 =29 £ 55 ALkdn o] 3 ZFE 7 2AF] ol {time(T)}
& Tetal 2AEdE g2t FdHE w9tk 7
1 totallnvocations(N) := N = #sumlrepetitio gl APHEA {fire(AT)} o539 w7} A3
n(Node,R)=R]. 2 o AREE ANZo =2 Aarsie),
2 time(1).
3 time(T+1) :- time(T), T<N, totallnvocatio 1 bufSize(E,U) - = #max[sample(E,S,_)
ns(N). =S], edge(E,_,_,_,_, ).
4 sample(E,1,0) - edge(E,_,_,_,_, D. 2 totalBufSize(W) = W = #sum|[bufSize(_,
5 notfireable(B,T) :— sample(E,S,T-1), S<C, U)=U].
edge(E,_,B,P,C,D), time(T). 3 #minimize [totalBufSize(W)=W].
6 - fire(A,T), notfireable(A,T), T<N, totall
nvocations(N), time(T). e A== A ARlE w2 = Slee
7 sample(E,S+P,T) :- fire(A,T), edge(EA,_, 2AZF) Aol 2AZ wEh ==7h FEEEA
P,C,D), sample(E,S,T-1), time(T). Sde Ash, 2 AACA Aed BEe] FE A
8 sample(E,S-C,T) :- fire(B,T), edge(E,_B, i Az WY A7 Adtetel AA W el A71E
P.C.D), sample(E,S,T-1), S>= C, time(T). Hagehs Aakghs steh 9o 3 258 =
9 sample(E,S,T) :- sample(E,S,T-1), not fir At SDF zgZel FHi Wy H7|8 zte &
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A9l Step loﬂ sfstct. 13 19
ko] Step 1S 33+

1 node(1..3).

2 edge(1,1,2,2,3,0).
3 edge(2,2,3,1,1,0).
4 repetition(3,2).
(1,3).

5 totalBufSize(5).

repetition(2,2). repetition

Step 104 AlAtE Aape ool A A E Ste
p 29 gHFoz 22t} Step 13 Step 25 3+

WMol $AY A, 2AES FowA M FHE
1k

. Step 2= Step loﬂ*ﬂ T+3F SDF 183Z 9]
153 W 2715 7HA 3 Wy 3§54 83t
o] PRAM®] +H& Huls & - »J\E_% PRAM®I|
AdFE = AR A HEEd HE9

HE g9 2d3Es et

e

1 minBuf(E,Min) :- Min =
mple(E,S, T)=S:time(T)],edge(®,_,_,_,_, .
2 maxBuf(E,P+X+1) :- edge(E,N,_,P,_
etition(N,X).
3 offset(1).
4 offset(Addr+1)

#max[time(1), sa

D), rep

= offset(Addr), Addr<=dr

amSize.

5 1 {bufferSize(E,Size) : Size=Min..Max} 1
- edgeE,_,_,_,_,_ ), minBuf(E,Min), maxBuf
(E.Max).

6 1 {base(E,Offset):offset(Offset)} 1 :- edg
eB,__,_,_,_ ), dram(E)

7 readOffset(E,Base,0,Base,Size) - base(E,

Base),bufferSize(E,Size).

8 readOffset(E,Offset+ C,T,Base,Size):- read
Offset(E,Offset, T-1,Base,Size),  fire(BN,T-
1),edge(E,_,BN,_,C,_),Offset+ C< Base+ Si
ze,time(T).

9 readOffset(E,Offset+ C-Size, T,Base,Size) :
- readOffset(E,Offset, T-1,Base,Size),fire(B
N, T-1),edge(E,_,BN,_,C,_),Offset+ C<Base+ S
ize,time(T), Offset+ C-Size>=0.

M1 Ml

-1),edge(E,_,B,_,C,.),time(T).

11 writeOffset(E,0+N-Size, T,Base,Size) -
readOffset(E,0,T,Base,Size), sample(E,N,T),
O+ N>Size+ Base.

12 writeOffset(E,0+ N,T,Base,Size) - readO
ffset(E,0,T,Base,Size), sample(E,N,T),0+N
<=Size+ Base.

13 occupied(E,Offset, T,Base,Size) := readOf
fset(E,R,T,Base,Size), writeOffset(E,W,T,Bas

e,Size),R<W,R<=0ffset,Offset<W, offset(O
ffset).
14 occupied(E,Offset, T,Base,Size) := readOf

fset(E,R,T,Base,Size), writeOffset(E,W,T,Bas
e,Size), R>W,Base<=0ffset, Offset<W,offset(Of
fset).

15 occupied(E,Offset, T,Base,Size) := readOf
fset(E,R,T,Base,Size), writeOffset(E,W,T,Bas
e,Size),R>W,R<=0ffset,Off set<Base+ Size,off
set(Offset).

16 occ(E,0,T) :- occupied(E,0,T,_,).
17 {occ(E,0,T) : edge(E,_,_,_,_, Dr 1
et(0),time(T).

18 - bufferSize(E,S), base(E,Addr), S+Add

r—1 > dramSize.

= offs
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10 readOffset(E,Offset,T,Base,Size) :— read
Offset(E,Offset,T-1,Base,Size), not fire(B, T

fe Z=EE 7 ‘1]*]‘*‘ Ha Wy
Wy =A7|E Albska =

W3 Z7]9} AA7} Dramel
o] 7|E QX (base offset)S AAs= o

@d3gth o] FEolA  dojxE Hul YA
(maximum offset) A Wz Apo]=of sjF3tch
ok gt 270 AL o] ASP I =9

grelo] Sl

1 numSamples(E,S) - S=P*X, edge(E,A,B,P,
C,D, repetition(A,X).

2 0 { dram(E) : edge(E,_,_,_,_, )

3 pram(E):-not dram(E), edge(E,_,_,_,_, .

4 numTotalSamplesOnPRAM(S):-S=#sum/[pr
am(E)=N:numSamples(E,N)].
[dram(E)=N :

5 #maximize numSamples(E,

N)I.

el ASP ZE=% X7} PRAMo| T3

A
.
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Table 2. PRAM Lifetime comparison

Dram El E2
Size (Exectime) (Exectime)
(a) 15 30(2.38) 30(21.6)
) 10 18(0.03) 9(0.25)
15 12(0.02) 3(0.26)
© 10 54(0.12) 55(1.52)
¢ 15 45(0.16) 19(1.6)
(d) 10 27(1.15) 12(8.03)
(e) 5 7(0.04) 0(0.24)
10 63(0.5) 18(0.51)
()
20 54(0.5) 0(0.52)
(g) 5 22(0.68) 22(145.13)
7 8(0.35) 8(0.09)
(h)
10 6(0.27) 6(6.01)
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