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Jackson’s rule: Given a set of n tasks. Processing in order of non-decreasing
deadlines is optimal with respect to minimizing the maximum lateness.
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Horn’s rule: Given a set of n independent tasks with arbitrary arrival times, any
algorithm that at any instant executes the task with the earliest absolute deadline
among the ready tasks is optimal with respect to minimizing the maximum
lateness.
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For each time interval  [1,1+1) itis verified, whether the actual running task is
the one with the earliest absolute deadline. If this is not the case, the task with the
earliest absolute deadline is executed in this interval instead. This operation cannot
increase the maximum lateness.
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Algorithm for modification of release times:
1. For any initial node of the precedence graph set ri* =¥

2. Select a task j such that its release time has not been modified but the release times of

all immediate predecessors i have been modified. If no such task exists, exit.
3. Set r}-*zmax(rj,max(r,- *+Ci:J; > J; ))
4. Return to step 2

Algorithm for modification of deadlines:
1. Forany terminal node of the precedence graph set d,-* = d,-

2. Select atask i such that its deadline has not been modified but the deadlines of all
immediate successors j have been modified. If no such task exists, exit.

* — mi i *_ (-
3. Set d,; fmm(d,-,rnm[dj C;:J; —>Jj])
4. Return to step 2
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Rate-Monotonic Scheduling Algorithm: Each task is assigned a priority. Tasks with
higher request rates (that is with shorter periods) will have higher priorities. Tasks
with higher priority interrupt tasks with lower priority.
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Algorithm: Each task is assigned a priority. Tasks with smaller relative deadlines will
have higher priorities. Tasks with higher priority interrupt tasks with lower priority.
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3. Mixed Tasla So,)r

» Periodic tasks: time-driven, execute critical control activities with hard timing
constraints aimed at guaranteeing regular activation rates.

= Aperiodic tasks: event-driven, may have hard, soft, non-real-time requirements
depending on the specific application.

= Sporadic tasks: Offline guarantee of event-driven aperiodic tasks with critical
timing constraints can be done only by making proper assumptions on the

environment; that is by assuming a maximum arrival rate for each critical event.

Aperiodic tasks characterized by a minimum interarrival time are called
sporadic.
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Algorithm:

= Jobs are scheduled based on their active priorities. Jobs with the same priority are
executed in a FCFS discipline.

= When a job J; tries to enter a critical section and the resource is blocked by a lower
priority job, the job J; is blocked. Otherwise it enters the critical section.

= When a job J;is blocked, it transmits its active priority to the job J, that holds the
semaphore. J, resumes and executes the rest of its critical section with a priority
p,=p, (it inherits the priority of the highest priority of the jobs blocked by it).

= When J, exits a critical section, it unlocks the semaphore and the highest priority
job blocked on that semaphore is awakened. If no other jobs are blocked by J,,
then p, is set to P,, otherwise it is set to the highest priority of the jobs blocked by
J’ko

= Priority inheritance is transitive, i.e. if 1 is blocked by 2 and 2 is blocked by 3, then
3 inherits the priority of 1 via 2.
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—> ,Power is considered as the most important constraint in embedded
Systems. " [in: L. Eggermont (ed): Embedded Systems Roadmap 2002, STW]

—> “Power demands are increasing rapidly, yet battery capacity cannot
keep up.” [in Diztel et al.: Power-Aware Architecting for data-dominated applications, 2007, Springer]

General-purpose processors

Application-specific instruction set processors (ASIPs)
Microcontroller
DSPs (digital signal processors)

Performance
Power Efficiency

Flexibility

Programmable hardware

FPGA (field-programmable gate arrays)

| Application-specific integrated circuits (ASICs)
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¥ oxecohion L‘W\.es/ c[eo.c”(vxes, arrival Jﬂmes

* comm Umic&jvfom o]e,w\m/\J

Q,CLD e

given basic block: dependence graph

x=a+bh; a b C d
y=c-d; \,

z=x*y;
y=b+d;

single assignment
form:
Xx=a+b;

y=c-d; z yl
z=x*y;
yl=b+d;

Z MarAQC/ Cm/g/,s (MG)

= N parked jra/aA G-=(vA,dl ) wsisls O\C
* nodes (O\QJ‘-DFSB vel
. eiaes o= (w,w)eA, AsVV

. num\oer ojr\ iv\:'#o\] *o[(ems on QAJQS cJo,): A— Zzo

wan \Gre,

cann O“' Qre

/)O

OO0
O
Ll O—0——0  O—0=0

o He LoLae_m on HM e.o[aes QorV‘eS}DOmcj J-D CLJ\\’O\ (FIFO ?ueue’3>
AN V\«ocJa (S ac#‘ualeo/ il HNLv-e; is oqL !e;cml one loLem on Q\/erj ?,/\/hujr

€ O——0O—0O

’ —Um A‘r/v;; o«[ & vxm/e renoves fmw\ QGLCL\ (mfm[ u%a o ‘[‘DL\QVI och aJJs

o bolen ko eac ook pol chje



= Filter equation:

yh=a-u)+b-y(I-D+c:y(=2)+d y(I-3)

* Possible mOt’iell,as a marked gmp,.,

. TR nodes 3-5:
ay' d* ¢+ b w
e e o 9 e e . m X+We
outputy 4
y
©, (O—=(®
input u \\\ fork node 2: x=0

= Hardware ]M//émen/aiébﬂ
° E(:!Jo.s COFNS]?O(/\J l‘U SUV‘C\/\TOM\)S’J CL(OC\&QJ Sllthr N(j(SJ'erS (FIFO)

ack ack

p— e—t
rdy actor l
= =

rdy
FIFO actor
i rdy FIFO
C [ |

= Soffivare ]—M/J/eMem/ﬁ#‘DM [wl)r\f\ stedic Sc\wojulf'/t]

* A#’ J;\‘rsll o \(}Lasiue sa7uamce ol &clror wcrl\vé? is elerw\imecl whecl ends
n ‘HI\L élr:xrl‘MJ SLKX—Q, (I‘V\{l\'q‘ (Jl‘sLm'LuL'OW or/‘ lob\ws)

(1,2,3,9,4,8,5,6,7)
while (true) {

a d c b

tl = d(u);
@—@—@—0B—E—0 0 mert;
output 'y t3 = t2+4d*t9;
td = t3+c*t9;
@ O+ @ s
input u T fork t5 — t4+b*ts;
t6 = t5H;

write(y, t6);}

- So?f/wafe ]M/o/emﬂem/mébn [L.Jl)r\/\ ulavwwm[c sc_\/\eo!u]h/l;}
¢ Schedoling i ne. 0sing o real- be oiyeralw‘vy SZS‘I(-VV\
¢ chrors C/owespomo/ 1[0 LQSLS (J‘L\reo\c]s)

- Aee G , Hee Xr\,\rmcj s P\,Jr ko jr\/w deuCJ‘ SJrajre,. s };Ul
ko Hee ‘rtOLJ(tj SL‘JL Lol mequs are /Jreseml

3, MOO/a/S 1@« ﬂrcj}ilchr& S\qméSl\S

17
- A Seguence gr?o/. Cqs(\/s,(':s) is o c‘Je/)u/\a/o_mce av‘&ﬁ[a with o S?m(jle_

SL&r}P V\oc{e/ oy o S (e e«/\cl ,/\,oo[e. \/g JQMJ¢S ‘Mk& DFQFO\L‘WS oé Hf‘e Okbwﬁ%m
oq/\cl Es elevmjres ‘H/\L C)E)DQVA ence Nt&L"owS

= A ressorce gm/oA GR(VR,gR), \/R = UV, WLOJ&‘S resources mmJ
’ot‘mJim s. Vs denmok Hhe ressorce w(wwe_s of the arcL\,{JrecJ-ura ond CGp s o
L)ifmrlﬁ
\La)ae Vi Cor Oun O/DQrfl on  \s.

- cos/ Amcré'om c: Ve > 2

- @ecuz'on 14'wres w:E,— 7°° are ass[imeo[ o eacl Q({jﬁ (v,, VT> e by
and denoke Hae execu%om liwnc oC oPar&L‘on VTQ\/T on TeSporce L()P& vsevs

ﬂmFL\' An ulaa (\/S,vf)é Eq NFNSesz 1LL4 &vo\;)&LI//Z? ol o vesource

(Vs, E5)
Se,7uewce amFIA \

(Vr, Eq)

)

(,U V., Eq) N

ressurce 8m‘fl'\ (:“ ‘/\orém{e @lew\emjrs’/>

Dees L/\/Ol’ mJuAe OPQYCLJHOI/( qc{ju Es



int diffeq(int x, int y, int u, int dx, int a) {
int x1, ul, yi;
while ( x < a ) {
x1l = x + dx;

ul = u - (3 * x * u * dx) - (3 * y * dx);
yl =y + u * dx;

x = x1;

u = ul;

y = yl;

}
return y; /
}

Yesouvee amFL

Se7 vence DY‘&PL\

- A//ocaréior): An c\l(oco\)-{om s a \Q\/\cj{om o \/T - ZZO Hmajr
qssfams WLD e_ac(/\ Yegopouree J—WM \/Te\/T J—L\a mumber 0&(\/,) owp

avo\('aue fms)ro\mces

I Blho/fw . A é/\mcj{mj s Je(j{vxeé L) WCJ\ACLMJ‘ /3 ‘»\/3 - \/T o.mc)
(: \/5 — Z>q Here/ ﬂ(\/s) =V, am§ //-(\/95 =y Jeml@ ‘Hno\xr OPeYo. ~
Ron v, € \/s is I\MF}QVV\-D_A/\LC) &n ‘H/\L i nshence of resSsurce lz)be

v, e /;
Example binding (o(ry) = 4, a(r,) = 2):

B(v1) =r1,v(v1) =1,
B(v2) = r1,7(v2) = 2,
B(v3) = r1,v(v3) =2,
B(va) = r2,%(vg) = 1,
B(vs) =r2,7(vs) = 1,
B(ve) = r1,7(ve) = 3,
B(vy) = r1,v(v7) =3,
B(vg) = r1,v(vg) = 4,
B(vg) = 12,7(vo) = 1,
B(vio0) = ra2,v(v10) =2,
B(v11) = ro,v(v11) =2

{(\/L‘\ € (/3(\/») (a Lse sewad s lownce of resourece Y,

OB 0
U AN

- S(_/Tecju/fmit A S(.l/uLQzu}e, N Q)nCL‘om PR vs - Z>O JFL\&‘)'
JQJerm’nes 1%\2. S}rarl-n‘mj #mes of o/oarojwms, A Scjwadu/e 'S
C(,ac[“e TC HM( CBA/\CL’L‘O:/LS

T(Vﬁ - T(v) = w(v;) V(V Vi) € Es

cr Yy

axe go\\r{sﬁ(ecj. QJ(VC)= (/o(\/g,ﬁ(\/g)) Je,m,o}-cs ‘HJ\L execul—{@k’/\ L‘Me
DQ oPera\w‘W V;

%éa#enc s The IO\L’-A/IC; L of « seeedole s Hee stmAe; Cjn‘\azxemcc
L)e)m»e,e,vx S‘i’&(\' V\oo)e v, Cvacl and mocje, V., - L= T W) - T)

[rop, consideine (V) =2 ¥ ( and one
/ g@\ Siugle resoSree Lor all operabions
1 2 © () > T+ 2
/ T > TR+ 2
” T(5) > T2
\' () 2 TR+ 2

fop)

Y =0. TW=2. (D) =U TR)=6. T =8. D(s)=10
= YWv)=12 = L=73WD-70) = 12 |

. Mu/ré'o_é&c%ue ﬁOg/‘m/za//bn
= Archilechore

one obd“ecln've

gam”xes{s s &n Of»L‘wnf%o\L‘om ProL/e:m whum nore H/\am

* (—O&lﬁmcv OC H/\L Ok\goﬁH'\M, L\aerar& COS), Fowe,r 04/\0/ weray

Ce/vmguuw/o)fom



%/Dc‘me,-/o‘ Dominoence = A SaluL‘om o € X ekl

n all on“eCL‘ves, f‘e., fg(o\) S ﬁ(b) {for oJl 1< c<n. SD/UJ-(W\ <
Is Ljeucr H\m/\ L) &Jev‘ualtc[ as o= b/ fQ? (Q‘ib)f\(bﬁos)

h

Decision space

Objective space

o R %olw]rfom S vxowver p&rblo-o/o%‘vma./, L Il— s uun[ chlrm
cLOm/\vao\Xth Lo(j &Vb o‘}‘Lqu So)mL\om (A ><

O
e o .,
objective space Z: \ © ” ~dominated
\ o
%
Pareto-optimal = not dominated
fl

- S‘JV\HM.SIS A\aon"naww

° Um(i-/v\fy’-ec} resasurces: No cons J—ra;l/\'}s In j-chS o«[ o\\/aQ)ch/e
RseureesS  are Jeﬁimecj

® Ilercjn‘ue, &\ w-"Jerms: AV‘\ Ivu'kcx‘ So,mliom —Lo )rlxxz o\rQL\xltclura
SL()\AHA@S[S (s impmveJ SJQ/'J LZ Sﬂ)t/o

- Sc‘/uuLL‘V\Z LA);‘H/\.OU‘\’ reseurce WSLraijs

* Given is & seguence graph G, = <\/s, £.) cnd o veseorce graph
G)R = (VR, ER) Tl'\em 7”"& {m[c?lcif mindnA | tahom LAJ{)\L‘IG‘\JL reseoree (ﬁ /J
ro\valS 1S c:lextine_oj oS

Con ST —

Parénlo ‘cj Ol/t/ll‘VLC‘q['QS
O %oluLiOV\ L)QX, c(ey\oies as QO =2 [), IC {l— (S o )ﬁas'l as goOc/

L= min§ 70D T -T00) 2 wlv) V (v, v)e B

- ASAP (QS Seon as foSS/‘Z/e—)

’j\'(,)‘P‘L(‘)
NS
LA R NRL
e i xR
.- . i . .
P ’ ¥ N L
- . | . =
RS

% 4 /
- ==
wop,"
Al ’

- ALAP (as lOJ'C os fossié/e)

nop -0

AN T

=@ O\
= 0\ N

S 1 > L

ASAP(GS(VS’ ES)1 w) {
T(vp) = 1;
REPEAT {
Determine v; whose predec. are planed;
7(v;) = max{r(v;) + w(v;) Y(v;,v;) € Eg}
} UNTIL (vy, is planned);
RETURN (7);
}

— (u(V;) =1

ALAP(GS(VS’ ES):"UvLmaz) {
7(vn) = Lmaz + 1;
REPEAT {
Determine v; whose succ. are planed,
7(v;) = min{7(v;) V(v;,v;) € Eg} — w(v;)
} UNTIL (v is planned);
RETURN (7);

F=. 4é\ : T
T &L e e Lo = 7
T8 nop™~— 12 LQ(Vi) -1

- Sc,\/\o.olu\(vx wl)r\/\ x-?wxe wmsl—raimjs
i o/e«o//’ne Ique_sL ﬁmsl,\m(j Limes oﬁ GI’JUO\L\\G'V\S> H&e T twlv)<¢s
¢ release 7('mes (earlies) S\-&fl’ivﬁ Lvmes) ke T(v;) > 4
'/’e/a.Aw. comslv-a/mzs: J;Q&«wce Ioalfweem sj-mrl-{mj L"WV;S O«C [N Fouir 01[
Dr)emlﬁomg\) \(l/\e;
T(Vé) - T(V?\) 24
Ty~ Tlvy) €2




* (e coun V\/\OCILI ol L\J)ves of OG\/ISJTOMZ\/NLS“ us(\/ﬁ w(d r@-(c\lﬂve

osms%r e«ivxls

’T(VJ—)- Tv) > (L‘d‘
TW- Tl 2 - {;J
’T(VJ—)— Tv) > {th \
Tlv,) - T;) >—(¢d"

+ nminim o T(\/J) > ’S(VE) 4 (EJ. —

T ¢y« =
T v)=TY,) +(ﬂ =

T moLiviona

¥ <’-7uo\|i lj

e Weahled cone trannd

caph s A weehled comsheainl ararh
oo (0P C ) welodes 10T J p

O. Seqguence 3{& L\ QS:(VS,ES

Ce«*‘—ﬁi‘/tg V\ooles \/(_:\/5 o\mc) o Lued L\ero) Q,LJ?Q \De/r {&Ll/\ -L‘wu‘go
wudl/\ d (VI;,VJ') LJG.VLOJ'QS Sc,&/\ululfvxj

C/strfain/\}r. An QQ\ e (V,;, VJ') € Ec ot
“AL Covts)vrwl\/\i T(VJ)-'T(V,:) 2 J(VC,VJ)

@cl(\/[,\/j) @

w(v,) = w(v,) =2 w(v,) = w(v,) =1
m(vo) = 7(v1) = 7(v3) =1, 7(v2) =3,
T(v4) =5, 7{vn) =6, L=1(vn) —1(vg) =5

Gg NUp] 0 7—

x_ A
* e i

e v/n :
NOP,
L3 ’

N
Log N ¢ |

7’
Nop,

N

-~ ~ =

. Q,{vem s o SQ?uP_mce %9,/\ Q,S(\/S, Es), ou TeSource ﬁro\/a[m
C’R(VK/ ER) Qv\cl G GSSo Lo o\“oc,ax{om X
T

O\V\cl bl\/\&n‘mj /3
n Hee U\/\fV\IVVLC\\ lcer&/\c(j S Qlaw(:'vw_cj as

L = min i RECNE
(T -TW) 2 iy, ) V(v v)e E) A
(v BV = vy ATWE) €& < T+ wlvs, v,)3] <oelvy)
Vv, e Ve, Vi<t < ()8

» D&})QV\ALWC!&S are Y‘ﬂSf@.C_L-J- 7—1'\&\((_, are V\o)‘ more ‘H/\O\-l/l H/\L Ov\/o\.(lchJ’a

resoorces wn LSe a&’ oma vvvovvw/\Jr " Jn\me, Ou/\cl C\?’Y O»I/IZ resoouvce L\J})e,”

(LMM = UFFar ‘Doumd on p\/\a l&kﬁwcﬁ)

5. é/S?l SCACQ/UZ'W/
- [} S..Lulvlm s one of He most w’oje} usaJ Ok\caw(%\wlf w[af

k)V\clef resswrce cemsl—rai :/\WlS

° 779 mal/\ olgm\-\"cm H/\er_ s o ))r{or[ly o\ss[awwl L,\)\/\ACKI\ ckawolﬁs
H/\L Uvg&/\c,y of ‘oe»;./gj SQLM:IU{QC/

LIST(Gs(Vs, Es),.Gr(VR, Eg),a,B,priorities){ UK = Ym(ié opuo\)n‘oms
(="
REPEAT {
FORALL vy € Vp {
determine candidates’to be scheduled Uy;
determine running operations 7;
choose Sy C U, with maximal priority
and |Sg| + [Tl < a(vg);
T(v) =t VYv; € Sgi }
= pd b
} UNTIL (v, planned)
RETURN (7); }

resource types

TK = ruvmiw& O})U&‘\‘IOIAQ
v € Vs with B(v) = vy

Sm = SLOJ\-?V? o;;or&x'\\ows

op,
c HOE 0 b G

's a
1 ‘®1
i
1
3

4

5

.

Seseh
Nov|
s



“m'“ * [_l‘sl SQ\M_QL)\WLJ NN /)eun"slfa &\3m~{-]rl/\m

1

= T} does wob alwags }jf&lcj e miniinal
e,

. —H/\E. © vaux\ SOIULOM ﬂgfr )rb QX&W\F/& ﬁfvem
w%'cl \oe JrL; SL\/\Q_JUIG Sl/»ow'/t on Hf@ ,e.a-

6. Integer Linear /qurammzhc)
v v A

- [elcls o};l-iw\o\‘ Solu#om o s\a\/\l&s[s /)ml))ws as IJr s Lasecj on an
exo\cl- (/V\Q‘H/-Ll/vx&_k'\‘acx\ cjesuﬁ'/’)i{om Oﬁ 4”/\@_ Fv‘ouo;m/)

* go[ues Sch.clu,{mj, LIV\J.‘./\j Och o\“ocojn‘on §vv\~“~ameoos/;

| Synthesis Problem |

transformation into ILP

| Integer Linear Program (ILP) I

optimization of ILP

| Solution of ILP |

back interpretation

| Solution of Synthesis Problem |

I ASSUV\/\ l‘[oms

« The binding s Jem[wwl/\ecj &]rEQg, e, weva O/JO.X‘O\\OI/I \/\QS

o oV\i?u& ueCu\w‘ow Jriv\ﬂe w (v;)

® (J\)e l&vxow HM m‘(l(esl— m/\c} laitsjr Sl-&xl%m L\wu;s o(: O/OU&‘\HWS A
(6% e,,; Oq/\cl l/\;‘ Lmax s c[msse So H\al o feas[ge SQL\LJUIQ existS

minimize:  7(vp) — 7(vg)
subject to  z;; € {0,1} WV, e Vg Vt:[; <t<h; (i)

hi
Z Tyt = 1 VYu, eVg (2)
=i

hi

Z toxip = 7(v;) Yu; € Vg (3)

t=li
T(vj) —7(v) 2 w(y) V(v,v;)) € Eg (4)

min{w(v;)—1,t—1;}
e > Ty < vg)
Vi:(vi,up)EER  p'=max{0,t—h;}
Vup € Vp Vt: 1 <t < max{h; :v; € Vg} (5)

(1) declares variables x to be binary .

(2) makes sure that exactly one variable x;, for all t has the value 1, all others are 0.
(3) determines the relation between variables x and starting times of operations 1.
In particular, if x;, = 1 then the operation v; starts at time t, i.e. T(v) = t.

(4) guarantees, that all precedence constraints are satisfied.

(5) makes sure, that the resource constraints are not violated. For all resource
types v, € Vyand for all time instances t it is guaranteed that the number of active
operations does not increase the number of available resource instances.

(5) The first sum selects all operations that are mapped onto resource type v,. The
second sum considers all time instances where operation v; is occupying resource

type v, :

vt T(v) <t < 7(v) +w(y) -1

w(v;)—1 1
Z mi,t—p/ - {

— 0 : sonst
p =
> Xtp Z X2t-p 2 2 Xit-p
) () 0 @)
2 L X ]




Excmp)e
Covxsicler % Se7ue,vxu; am}),n QS = (\/g/ ES>
o For )r\N; exew\k{om L‘mesi A V\AMH"I[)/(CO\LDV\ L&Leg P ‘)‘IM uwlj»s
and ol olher oFqun‘csms bodee 4 hinme ol eacL\.

* Tl/\L{L 1s
. Formm\a\e/ H/\L ))mutm o£ lo\kmcj M?n[M]&oJiom mI%\/\ resl—r(c_lecl

feSoovees A an iml@aer ‘inmr Pmaram (ILP)

one ul/\éx oI; Q&CJA- rseurce })e

(o \
LA

1

. -
\ o~ 7/
-7

s \
'\NOQ/

C. PU‘CMW\ AsSAP C\.A/\Cl ALAP — Coms}oler va\o\x:q

ASAP ) | ALAP ()
A { i\
\/2 1 v | — eans HN&\' V, can om[ run
Vs 3 3 behoeer Hime shamps 4= 4
VL( 1 a3 0~ch {-2
Vs 2 Yy = 1< 7)<

& Formolate 1LP
(1) O%‘é’.cldve QV\CX’;OV\

min § L=TW) -TW) ]

(2) Bfwar(a vahO-L]eS Aok

Eell, ]
node #id L‘éwes%wp !
* One Sumn Cvr cach wode \Qw vaz ée[&,hﬂ (wLua I)» Can Y\)v\\)
Vit Xy =1 Vy * Xmi* me- Xtus =1
Vl: XZ,‘I. t X2,1 21 Vg“ XS;?— + X$,3+ Xf,‘l = i
Vg‘- X3I3 = 1

(3) Shacking bve. of opecabons eltoh
* One sum for cach node Br fime 1€ U, ;1 (where it com o)

Vi XM = 'J'(Vi) \/u’ X“'] + ZXQ,Z € qu'3 = T(VQ)
% le'l + qu= ’3’(\/7_\ Vs ZX5I2+ 3)(5’3 + qX.S‘,ti =:Y(V5)
Vi 3X33 = T(w)

(1) Timne csmlrfaivxls
,T(V;;) - T(V_{) > 1
T - Y > 1
J(v) -Tlv,) » 4

TV = T(Vy) > 2
TV, - Tlvs) > 4
TV, Ve, Vs, Ve, V) 2

(5) Resource Ccmerraiw)rs
* One sum for each kwskraw:}) Lely, Wlaxgln;” and  resoorce
ly))e, v, € Vo
% * See wL\Acl/\ LQSLS con run al’ &ac(/\ \{WSJ‘C\M/J amo[ &orl ly resouyce
)’)L

rL (V‘/luu) rz (c\cu,Sulo, COMF)
I T D T I A
L2 A I i
{:;3: )(3'341 ql3$ 1S WZCW\L‘(ZO\N(MO\ 2
t- 4 X5 <1 = Ay e d



_‘Z- ﬂera;é'ue Aé?oﬁ‘/AMS - /—\w /'/efané‘om 1S H/\e, Sejr owC O\J\
—’]/eraé‘va /450»'7‘#;«4: comsisl»s of o\ sal' O\[\ ImJe,xe,cl e7uaL'oms HAoJ- O\“ Vomo"ues Q’f a Qxec‘ mc]ex (
ARYe Q\/O\(Uale,ej l\efr a“ va/uas O’C an z\mclex @‘» - T/\& /'/ermé"om //nérual /7 is H\e j(i‘/vxa_ cl[sj»au/\ce Lulueem J’bdo

. . \ S of an krothve mmwx,i QoS rou v
il - R L., xltdgl, ] veviel f@%ﬂjip!ijﬁiwﬁ b progrem % duvcks the mghput

. RePresauf\x—oJ-[oms —%T?,,e (Q,Zm% Lois He wxax;MaJ J’iw\& Cl[sLo.mCe Lb[L_:eem ‘H/LQ SJ-&(‘L'?
3 Ol/\e (\I/\C]Q)(QCI Q7UQX'\\O[/1 (A);]L[/\ COVISLWJ‘ I‘V\J&X Q}Q/)ZV\C]QJ/‘ICIAQS MJ {—L\L ‘QVUS ’V\i L'Wes D-C D/)QrO\L‘omS LQ!OWQ;MJ LO one Llﬂra%\o‘/‘
(J[Q] - Cu,k[u . byu_il . Cy[{_ ’Z] . JJ [¢-3] - Tm o )oi/n){mecj I /eyv»em ijv‘om (/:mc,A'ona/K/ e/}nm 3 H/nere. exisjr

J’r‘w(e i./\s)ramceg Wheve 1%\@ O/DQrO\Jh‘emS mﬁ J.@m ij-ex&'oms é are

* E7un‘uo\laml Se,l OD imclexe_c/ e7ua)-\‘omg Qxecule.cj S:Wluu-av\wus);.

oFer&)r{Oms V\chssarj 1LO C,OI/WFU"‘C

X, = ault] 1% 0) @ @ @ @\ |

X, U] = x W]+ dyl1-3] Ve tei:;izuw();)

U=l it v T

[t] = x [T+ by [L-1] il one iteration L=7
7 j one physical iteration P=7
no pipelining
° ExLemJecJ sequence araph Qs = (Vs £, d)+ To eadn edoe (y, vi)eE u X X X
? (7 S s, &s, (R s 0 f'1\ 0 2 0 3 0 1

Here s OxssociasraA Hw index (i{sf(acevv\eml JLJ A ere, g/i,VJ*)QES Jew.o[es © O @ 2y
H/\c} H/\e vahaU@ coms)pomo//mi 1o Vi JQ/;@,\JS on van@L)e oorveS)DOV\c{[Vlj 3 2

J—o Vv, u_)hu/\ Qll‘s!olacev\/\b/\i cJ;j * 4 resources

u * functional pipelining

X
O——O——O——O

) —
U o9 X o0 X% o0 X% g 1 y one physical iteration one fteration” L
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