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Abstract

In this paper. we present a high-level synthesis system that generates area-efficient
RT-level datapaths with multiport memories. The proposed scheduling algorithm assigns an
operation to a specific control step such that maximal sharing of functional units can be
achieved with minimal number of memory ports. while satisfying given constraints. We
propose a measure of multiport memory cost. MAV (Multiple Access Variable) which is defined
as a variable accessed at several control steps . and overall memory cost is reduced by
equally distributing the MAVs throughout all the control steps. Experimental results show the
effectiveness of the proposed algorithm. When compared with previous approaches for several
benchmarks available from literature, the proposed algorithm generates the datapaths with
less memory modules and interconnection structures by reflecting the memory cost in the
scheduling process.
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Fig. 2. Two different schedules
(a) not considering data transfers
(b) considering data transfers.
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Fig. 3. Initial scheduling state for the C/ DFG in Figure 2

(a) Time frame intervals for operations
operations and MAVs in each control step.
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"""" 1+ 71T+l )
cstep 2 +2
cstep 3 J*S

cstep 4

.................................................

(a)
_______________ AP LA B
cstep 1 B ] E:‘ r— ’:_T_l
"""" - o2 - T ——T LA R +2
cstep 2 +1 +1 +1
cstep 3 __J +3 +3 *5 -
cstep 4
(b)
Pt P csep
H(V) = 0.985 U'T H(V)=0946
0.75 567 0.75+
0.5 0.5 0.5
033 033 033 0.28 0.33
0.257 0.25 0.1
0 cstep 0 cste
1 2 3 4 1 2 3 4 g
(c) (d)

azl 9. A4F +9F o0l HHE o] Ak

(a) Se+1®] o]AE, (b) Se-29 o)A, (¢) (a)ell W&t Py, (d) (b)) =HE+ Py
Fig. 9. Neighbor states Se for +; and +: in Figure 8

(a) neighbor state Se.;. (b) neighbor state Se+z, (¢} Py for (a). (d) Py for (b).
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o eleRY Al 63 Wess Pe aElw 5 18 ofe] Azt Aekzzle] Hisjel vl u)g

QAR sloln Pe) To| WAtz Zeadel 4 & Lew 2B Ang wolul, ool ulgE

Hol Agsglon, Az W A Alekraste] 4w e 94w Aoele) vlmE Aok o
(1407)
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Table 1. Synthesis results under several

time constraints when reflecting
the cost of memory ports for the
differential equation solver.

Ao 2 N read-only EE9} 1 MY write-
only 2& 12|32 7§98 rad-write XEE AME3}=
24 ¥ E 8|8 2964 SODASY 71 f=ld A

E »alth

23 2.1 Aefxstel M mlEwAA o

A7l HHEE 3] A}

Table 2. Synthesis results under various
i 5 . . .
r[ festeps 4 5[ 6l | 8] 9] w0]=n FU constraints with and without
\ freadops| 6| 4| 4| al 4| 3| 3| 2 memory port cost for the differ-
- — ‘ . .
Schedutng win [riteons| 4 3] 31 2 [ z][ 2 2] 1 ential equation solver.
#RAMs® | 24 2] 2| 2] 20 1] 1)1
port cost considered )y | o | g gj T S B BN FU constraints* r a.nia, 2)4L(2.1)4L(2,2)
i s | 2] 2 1] 1] 1] 1] o] #esteps 7 6 | 5 | 4
‘ {ﬂl'ead ops | 6 [ H 6 i 4 4 4 4 T 2 #readops 3 5 4 [ 6
i} Scheduling without M%S 212 l 241( 2] 1 Scheduling with l #writeops ) 3 3 4
| #RAMs® | ¢ ol o 2] 2l 2 ! - :
‘pm, cost considered PRAM, 2z ﬂ ; ! port cost considered | #RAMs 1 QJ 2 zji
‘ sALUs | 2| 2 20 1) 1] 1] - pa— :
} #ALUs 1 2 1 2
b eMults | 2] 1] il ol a1
#Mults 1 1 2 2
* a RAM with 1 read oniy ports and 2 read-write ports
L #esteps 7 l 6 5 4 !
E 20l tlegl dAly] AlekzAs oA e] wlEHpAAl dreadops | 4 i 6 6 6 ‘
of ot AR welonl AAFY HPold m | Scheduling withow | swsiveoss | 2 | 3 8 | 4 |
2le] v|L4-g wEE el yHER] 93 ASe A port cost considered [ #RAMs"” 2 | 2 | 2 2 }
#ALUs 1] 2 1] 2
ku B35} A A7) AlekzA FA i
S1E st £ 204 Q) Alekmze (#4 e T T2
719] 4 ALUS] )8 viehiie, Ao AHe%l sz . o o
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** RAM with one read-only port and two read/write ports
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Table 3. Comparisons of synthesis results for
the 6th order bandpass filter.

SODAS | Ref[12] {MAP [10] [ADPS (6]
#Csteps 11 11 11 11
#ALUs 2 2 2 2
#Multipliers 1 1 1 1
#Mux Inputs 9 10 12 27
#TSBs 6 | 8 7 N/A
#Buses [ 5 J 5 5 N/A
#Registers | 11| 1l 11 11
maMs | 2 |2 2 N/A
#ROMs | 1 | 1 1 N/A
#CPU Time(sec.) | 0.76 | N/A 1.01 197"
a-a ith 1 read-only port and 1 write-nnly port. and & RAM with 1 read-only port and 2

orts
2 read/write ports. and a RAM with 3 read/write ports

th

* include scheduling tme

g 4. 53 A doly Helo AP A A
o] ¥l
Table 4. Comparison of synthesis results for
the 5th order elliptic wave filter.

AISODAS Ref(12) [ MAP [ GMD(16) | STAR(5] [ SPAID(17} | HALZ4)
#Csteps AL 19 19 19 19 18 19 19
#adders L 2 4‘ 2 2 2 2 2 2
#Multipliers 1 } 1 1 3 1 1 1
#MUX Lnputs 8 T 9 10 N/A 11 17 26
#TSBs 5 ] 5 5| wa | a2 | NA N/A
2BUSes 5 T 5 T 5 N/A 5 l 5 6
#Registers oo | 1 3 e i2
2RAMs AAT 2a 2b 2c 2 5d 50 N/A
—
| EROMs 1 | 1 ! L !
] CPU Time(sec) | 097 | Na [133] A NA | N/A |0

a . a RAM with 2 R/W ports and a RAM with 2 R ports and 1 R/W port

b a RAM with 2 R/W ports and a RAM with 3 R‘W perts

inknown
4 RAMs with 1 K port and 1 W port

e RAMES with | RW port * includes scheduling Lime
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