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Relevant Course Information

+» Lab 3 reports due Friday (5/1)
+» Lab 4 due next Friday (5/8)

+» Homework 4 due on Monday (5/4)
+» Anonymous mid-quarter survey on Canvas (due 5/4)

% Quiz 3 (ASM, ASMD) next Thursday (5/7)
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Arithmetic Mean: Pseudocode

+ Design a sequential circuit that computes the mean M of k n-bit
numbers stored in registers % — Tuddh

" e.g., accessing a RAM or register file with k addresses

= To save on hardware, only use one n-bit adder and have a single read port RAM

+ Algorithm Pseudocode:

@ S=0 @ S = @ M-:'
fr i= O+ k-l for iz k-l & O for iz k-l 4 O
S= S+ RU] S=S 4 RC1] M = M+ RUl/k
end f5- enc for end’FDf
M= S/k M~=S/k

K, we'll (oo ot R, but these
are. ol walid
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Aside: Counter Variable

+» Many sequential hardware algorithms utilize counters
+ If both work, is there a preference? 1 impds ace

h
" How to implement C = k — 1 check? csame

k\ww_—

or (C- C‘:"l) =0 (Sulﬁmd'or + nof‘)
" How to implement C = 0 check?

m __ G nor
C -—'7""D° ‘ | & only 4 &6\l inprds are O
O
)
O

\
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Arithmetic Mean: Specification

+ Datapath
RAM :
= A k-address register file (only using r_addr and r_data)

= Reg file address stored in [log, (k)| down-counter A (i)
= Sum stored in register S

" An n-bit divider circuit, as discussed last lecture
S/k

«» Control
;Anputs Start and Reset, outputs Ready and Done
any i € . , -
to gl Status signals: A_zero , Div-dene (?)

= Control signals: [Loed_ress, Add, Dwide, Decr-
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Arithmetic Mean: Initial ASMD Chart

+» For now, ignore the details of the divider circuit (assume it takes 1 cycle)

Re”fj - ~

?:KQ_ L=l 4 G 1 rs—%:.: ~ |

S =S 4 ReglAl /-\L-—-Y |
endfor <5‘\'pr> Se— O
M=S/k I A k-|
_ ‘ oad_rea S j

ero N — e
Auke L op ( — =

feam  pseudocode: ]J—Sﬁl
>Rl P GB.

o Nebe
Nte: Hhe divisibn 7S +r‘igg€red/-5{?w‘h~’6~ L _EU- s’ . — = _ — 1
;:Enj S sum, i:zu‘fa:dw;l\:,‘ Computes STy ) [ \S;ab/ov;g,_ 0
i S _Aiv «lC. > D oneE
Jurirg e S_dnde s l\;/_;(;r’ =
— - —
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Arithmetic Mean: Modified ASMD Chart

+ Fix your ASMD chart based on the divider circuit:

Resel/

start dividend divisor
reset

n-bit divider

R Q ready done

M e

VLI v

M W Q¥ < extra
Stutug
sisvw.(.s
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Contnel Srsnk\f: Studtus S‘b"\‘;\s P
Lood.. regss TA_zero
Arithmetic Mean: Datapath A O feadey
Dovde DV_-dme
Decr- A )
d Jo /
k-l Loodreys L2/
log, k E_I n
count D A<AA r_addr Res >
load down-counter (A) k X n reg file r
Q Aek-| > r_data Add

start dividend divisor

reset M=S/t
n-bit divider

Q ready done

M }a,\e,
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Aside: Load Loops
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+» For some initialization operations, you can get equivalent behavior from
either the (1) outgoing edge or the (2) looping edge:

)

Reset Reset
. ® .
s idle 4 e - s idle 4
Ready ™ ?: Ready
QTL ¢ o <RTX,>
M,\QL‘”‘;‘ ST —
Start motf Start
" > . KL
1 1| (on m IL
v @ S}“',\:;W
<RTL> \/ Be Qivisor ‘/ 3 e
l Cstore copy of user inp\:\')

vV A« k- v
(initiclize a comriter)
J M« © X

Cclear prws'wi f‘esu\’f)
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Aside: Start Loops

+» What happens if we forget to
de-assert Start?
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Il R R +1\ \,
| ——T_
l
R et b St

I

4y be de-osse~ted
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Sorting Algorithm

+ Design a circuit to sort k n-bit numbers stored in a set of registers in
ascending order

. Vo L
Algorithm: Example (k = 4): i3
for i = 0 to k-2 do i 5 A B R[0] R[1] R[2] R[3]
?ZReg[‘&ltkld o i1 (3i7)] 317110
or j =1 o k-1 do : = ~—
5 = Reg[3] S8 i NS ) A e
if B < A then OESS [IO\,IE?"E’SEO
eyl = B 27 i3 o F s 1
Reg[j] = A | E 3 . E —— - \
A = Reg[i] > ‘/053'7,53
endif L i 13, O L FTTS
endfor ! i i
endfor 05 l > 5 +
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Sorting Algorithm: Specification

+» Datapath
= A k-address register file (assume only 1 port)

" Two [log, (k)| up-counters i and j
" Two registers A and B

= An n-bit comparator circuit to check for B < A

+ Control
" Inputs Start and Reset, outputs Ready and Done
= Status signals: 1_dwme  j-done, B LA

= Control signals: Ta4_ i  Lniti , Ineoi ) Deend, Locdh ) Losd b, Shec A Shre_ b

/ / \ \
Aofel)  BRsl Ryl ResG1= B
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Sorting Algorithm: Timing Notes

4

L)

» Datapath

= A k-address register file (assume only 1 port)
" Two [log, (k)| up-counters i and j

" Two registers A and B

= An n-bit comparator circuit to check for B < A

« Timing Notes:
" RTL operations in a state occur on the next clock trigger
" Can i« xand A <« Reg[1i] be done simultaneously? Ns, ek 6 ycle fiv i 1 vpdede T r-odde poct of ey Rle
= CanReg[i] «< Band Reg[j] « A be done simultaneously? No, oly L write prt
= Swap operations must be done sequentially
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Sorting Algorithm: ASMD Ch%r;c(_
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Sorting Algorithm Da

/U J LQOA—B/ S{”e -B
ke —1 O
Tore.
Srore-B I q count D {140
log k Int-3 Jioadup-counter (i)
w_addr r_addr S O i€ i+l

- ﬁ_‘é%"t]a”‘ k Xn /t/o/ X-Loscd_B
) feslileB reg file T
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Contrl 5-’5:\«\5 . Status Slsm\rf
h :[mq'.i B Incr_i B_ u’ A
tapat L3, Ter- 3 done
Locd_A, She_A j- done

log, k

y

E

count D & 1+l
loadup-counter (j)
> Q jear\

— Boe A
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Alternate Sort Algorithm Datapath

Dataln
ABmux n 0
2
M
R LI — L R
Counter . El— E Counter _3
f b{ Q > Q
ar Riny — C. C.
R e N e Y e S R (i.dwe)
ceg B | 12 1-dme
" =k-2 F— <
Ry R, R, L2
ARavE a7
se
0123 Imux =k-1 F— Zj
Cmux ( ()V‘Q)
ABData 5 42 3' 0
RAdd —£ |
\ / I
Ain —{F Bin—E V-~ Rd "
|—> A —
dn
Clock L P‘V"" ‘(‘
. le
Yy \ DataOut Wrlnit ) H’j ’F
L Bout < W
10 k—
A B 2-to-4 decoder
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Lab 4 Preview: Binary Search

expect to find the given number:

while L <= R do
m = floor((L + R)/2)
if A[m] < T then
L =m+ 1
else if A[m] > T then
R=m-1
else
return m
endif
endwhile
return unsuccessful
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+ Design a circuit that searches a sorted array for a given value by checking
the middle element of the remaining portion of the array we would
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