1. A processor with dynamic scheduling and issue bound operand fetch
has 3 execution units — one LOAD/STORE unit, one ADD/SUB unit and
one MUL/DIV unit. It has a reservation station with 1 slot per

execution unit and a single register file. Starting with the following
instruction sequence in the instruction fetch buffer and empty
reservation stations, for each instruction find the cycle in which it will
be issued and the cycle in which it will write result.

load R6, 34(R12)

load R2, 45(R13)

mul RO, R2, R4

sub R8, R2, R6

div R10, RO, R6

add R6, R8, R2

Assume out of order issue and out of order execution. Execute cycles
taken by different instructions are:

LOAD/STORE : 2

ADD/SUB : 1

MUL: 2

DIV : 4

"Evag eneEeyaotiic pe duvamund (00vVoTQOYQUUUOTIONO XL TTIOALTLIAT AVAXTIONG TEAEOTMV
deopevpévn (issue-bound fetch policy) €xet 3 povadeg extéheong — wio povado LOAD/STORE,
uta povada ADD/SUB nou pion povéado MUL/DIV. AwaB€ter otaBpo npatioewy (reservation
station) pe 1 B¢€om (slot) avd povdada extéheons rat £va eviato agyelo rataywontmv. Ot
RORAOL EXTENECTNS TTOV QITALTOUVTOL YO ®AOE TOTTO EVTOATG elval:

LOAD/STORE : 2

ADD/SUB : 1

MUL: 2

DIV : 4

ol EEXLVOVTOG e TNV TOQOARATM 0xolovBia EVIOADV OTNV TIQOCMQELVY] VI OVARTNONG
EVTOAMV %ol AOELOVG 0TAOUOVS ®QOTNOEMV, YIoL ©(A0e eVTOAT Poglte TOV ®U%AO OTOV OO0
Ba exnivioel (issue cycle) nat Tov ®0xAo oTov omoio Oa “yodel” To amotéleoua (result write
cycle).

load R6, 34(R12)

load R2, 45(R13)

mul RO, R2, R4

sub R8, R2, R6

div R10, RO, R6

add R6, R8, R2

B. Av umioyav 2 B¢oelg (slot) avd povada extéheons mwg o AhAole TO TOQATAV®;
v. Me oo 106mo pmopet va petwBel o 4oovog extéheong Tng axolovdiog eViolmv;

https://www.tutorialspoint.com/what-are-the-types-of-operands-fetch-policies

https://computerscience.chemeketa.edu/cs160Reader/ComputerArchitecture/MachineCycle.html
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2. Consider the execution of the following compound vector function (CVF) for the vector
processing unit below (it is equipped with two load/store pipelines plus five functional

pipelines):
A(l)=B() *C() + D) * E() + F(I) * G(I)
forl=1, 2, ..... , N. Initially, all vector operands are in memory, and the

final vector result must be store in memory. Show the space-time
diagram, for pipelined execution of the CVF. Note that, two vector loads
can be carried out simultaneously on the two vector access pipes. At
the end of computation, one of the two access pipes is used for storing
the A array.
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MNa Tov dlavUoUATIKO EMEEEPYAOTT TOU OXNMATOC OWOTE TO dlAYPAUUA XWPOU-
xpovou yia v rpd&n A(l) = B(I) * C(I) + D(I) * E(l) + F(l) * G(I), I=1, 2, ....., N
eEMEENYWVTAG TIG eYYPADEG. ApXLkA OAa Ta dlavuouata BpiokovTal oTn pvnun. To
ATMOTEAEOUA TIPETEL VA eYYPADEL OTN HVAMN.

3. In this question we will analyze the performance of the following C
program on a multithreaded architecture. You should assume that
arrays A, B and C do not overlap in memory.

C code

for (i=0; i<328; i++) {
Ali] A[i] * B[i];
C[i] C[i] + A[i]

~




Our machine is a single-issue, in-order processor. It switches to a
different thread every cycle using fixed round robin scheduling. Each of
the N threads executes one instruction every N cycles. We allocate the
code to the threads such that every thread executes every Nth iteration
of the original C code.

Integer instructions take 1 cycle to execute, floating point instructions
take 4 cycles and memory instructions take 3 cycles. All execution units
are fully pipelined. If an instruction cannot issue because its data is not
yet available, it inserts a bubble into the pipeline, and retries after N
cycles.

Below is our program in assembly code for this machine for a single
thread executing the entire loop.

loop: 1d £f1, 0(rl) ; 1 = AT[i]
1d £2, 0(r2) ; £2 = BI[il]
fmul f£f4, f£2, £f1 ; £4 = £f1 * f2
st £f4, 0(rl) ; A[i] = f4
1d £3, 0(r3) ; £3 = CI[1i]
fadd f5, f4, £3 ; f£f5 = f4 + £3
st £5, 0(r3) ; C[i] = £5
add rl, rl, 4 ; 1++
add r2, r2, 4
add r3, r3, 4
add r4, r4, -1
bnez r4, loop ; loop

a. We allocate the assembly code of the loop to N threads such that
every thread executes every Nth iteration of the original loop. Write
the assembly code that one of the N threads would execute on this
multithreaded machine.

b. What is the minimum number of threads this machine needs to
remain fully utilized issuing an instruction every cycle for our

program?

c. Could we reach peak performance running this program using fewer
threads by rearranging the instructions? Explain briefly.

d. What will be the peak performance in flops/cycle for this program?

e autn TNV epwtnon 6a avallooupe tTnv anodoon C oe MOAUVNUATIKNA
APXLITEKTOVLKY. @a MpéeTel va utioBEoeTte OTL Tivakeg A, B kal " dev etukaAUTrovtal

Ot MV,

To unxdavnuada pag eival €évag ene€epyaotng Hovng akoAouBiag ekTéAeong kKatd
rnapayyeAia. MetaBaivel oe dladopeTIKO VIUa KABE KUKAOU XPNOLUOTIOLWVTAG
oTabepPO XPOVOTPOYPAUMATIONO round robin. KaBéva amd ta vipata N ekteAolv pia



C code

for (i=0; i<328; i++) {
A[i] = A[i] * B[i]
C[i] C[i] + A[i]

Y

Y

eVTOAN KABe N KUKAoug. KatakepuaTtifoupe Tov KwdlKka o€ vipaTa €Tl woTe KABe
vida va ektelel kKdBe Nn emavaAnyn Tou apxilkoU mpoypdaupatog C.
O1 evTOAEG aképalwVv XpeldlovTal 1 KUKAO yla va ekTeAeoTolV, ol EVTOAEG KIVNTNG

loop: 1d f1, 0(rl) ; £1 = A[i]
1d £2, 0(r2) ; £2 = BI[i]
fmul f4, £2, £f1 ; £4 = £f1 * £f2
st £f4, 0(rl) ; A[i] = f4
1d £3, 0(xr3) ; £3 = CI[il]
fadd f£5, f4, £3 ; f5 = f4 + f£3
st £5, 0(r3) ; C[i] = £5
add rl, rl, 4 ; 1++
add r2, r2, 4
add r3, r3, 4
add r4, r4, -1
bnez r4, loop ; loop

UTIOdLA0TOANG 4 KUKAOUG Kal Ol EVTOAEG MVAUNG XpetalovTtal 3 KUKAoug. ‘'OAeg ol
HovAdecg ekTEAEONC eival T\ pwG dlacwANVWHEVOG. EQv pla evToAn dev propei va
ekteAeoTel emeldn ta dedopéva NG dev eival akopa dlabEoiua, lodyel pla
duoaAida (€va kevo) oTov aywyo kat rpooradei Eavd petd to N KUKAOUG.
Mapakatw eival To MPOYPAUMA HAG 0 KOOLKA UNXAVNACS Yid auTo TO Pnxdavnua yla
€va Hovo viua mou ekteAei o0AOKANpPo ToV BPOXO.

a. EkxwpoUpue tov Kwdlka Tou Bpoxou o N vijpaTta €10l WOTE KABE viua eKTeEAEL
KdBe Nn emavaAnyn tTou apxtlkoU Bpoxou. MpdPTte TOV KMIIKA PUNXaAvng mou Ba
ekteAoUoe €va amnod ta N vipaTta og auTti TNV MOAUVNPATIKA Unxavn.

B. Molog eival o eAdx10TOC AplOUOG VNHATWY TIoU XPelAleTal WOTE TO UNXAvnua va
Tapapével TN pwS a&loTolnUEVo €kOIdOVTAG HLa EVTOAN Yia KaBe KUKAO yla TO



TPOYPAUUA HAG;

Y. ©a uropoucape va $TACOUUE OTNV Kopudaia arnddoon XPnoLLOoTIolOVTAS
AlyOTEpPA VIHATA HE avadlatagn tTwv odnylwv; EEnynote cuvortriKa.

3. Mota eival n péylotn BewpnTikn anddoon o€ flops/KUKAO yla auTO TO TIPOYPAUMA;



