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An Add the number in storage location n into the accumulator.

En Iif the number in the accumulator is greater than or equal to
zero execute next the order which stands in storage location n;
otherwise proceed senally,

i Stop the machine and nng the warning bell

Wilkes and Renwick
Selecrion from the List of 18 Maochine
instructions for the EDSAC (1949

ApXITEKTOVIKA YTTOAOYIOTWV



MavemoTApio Oeaoaliog - TuApa NMANPOPOPIKAS

Apyrtektovikn Xvvoiov EvioAwv

Ytoiag

2VO00WPEVTN
Enektaon ovoompevtr)

Kataywpntwv yevikov 0Komov
Kataywpntn-Mvnung
Kataywpntn-Kataywpnt
(Mvnung-Mvnung)
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IHapadewyua: add

(a) Stack (b) Accumulator (c) Register-memory (d) Register-register/load-store
Processor ttt
TOS

\sv/ e/
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IIpoomeAaon Mvnung

Ye1pa ammoOnkevon g PnePloAesewv:
Yepa pikpov akpov (little endian)
Yelpa peyarov akpov (big endian)

EvBvypauuion otn pvnun:
XVvoeon ue MAM

[IpoomteAaon un evBuypaupiopevoy dedoue-
VoV

[IpoomeAaon Lkpwv 0eO00UEVOV
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Addressing mode  Example instruction Meaning When used
Register Add R4,R3 Reqs[R4] — HRegs[R4] When a value is in a register.
+ Regs [R3]
Immediate Add R4,#3 Reqs[R4] «— Regs[R4] + 3 For constants.
Displacement Add R4,100(R1) Reqs[R4] — HRegs[R4] Accessing local variables
+ Mem[100+Reqs[R1]] {+ simulates register indirect,
direct addressing rmodes).
Register indirect Add R4, (R1) Regs[R4] — Regs[R4] Accessing using a pointer or a
+ Mem[Regs[R1]] computed address.
Indexed Add R3, (R1+R2) Regs[R3] — Regs[R3] Sometimes useful in array
+ Mem[Regs[R1]+Regs[R2]] addressing: R1 = base of array:
RZ = index amount.
Direct or Add R1, (1001} Regs[R1] — Regs[R1] Sometimes useful for accessing
abaolute + Mem[1001] static data; address constant may
need o be large.
Memory indirect Add R1,@(R3) Regs[R1] — Regs[R1] If R3 is the address of a pointer p,
+ Mem[Mem[Regs[R3]]] then mode yields .
Autoincrement Add R1, (RZ)+ Regs[R1] « Regs[R1] Useful for stepping through arrays
+ Mem[Regs[RZ]] within aloop. B2 points to start of
Reqs[R?] « Regs[R2] + d array; each reference increments
R2 by size of an element, d.
Auntodecrement Add R1,-(R2) Reqs[R?] « Regs[RZ] - d Same use as antoincrement.
Regs[R1] — Regs[R1] Autodecrement/-increment can
+ Mem[Regs[R2]] also act as push/pop to implement
astack.
Scaled Add R1,100(R2) [R3] Regs[R1] — Regs[R1] Used to index arrays. May be

+ Mem[100+Reqs [R2]
+ Reqgs[R3]#d]

applied to any indexed addressing
mode in some computers,
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Yuyvotnta
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x| 1 Merpnoeig oe VAX

Memory indirsct  spica B
gz 1%
TeX |[0%

Scalkd  spics 16%

gec I 6%

Reciater indi TaX 24%

sgater indirsct  gpics e
gec (I 1%
TaX 43%

Immediate  spice 17%
gec [N 200
TaX 3%
Displacament &;Ii-:ﬂ 55%
gec [ 40
0% 10% 2% I0E 4% S0 B
Frequency of the addressing mode
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Terovueva EvioAmv

K(ofiucvoatoin ON TUJIOV OTOV KWOWKO A£l-
TOVPYIOC
Al0Y®PIOUOC AKEPALWY ATTO TTPAYUATIKOUC
[Tukveuevolr BCD apiOuot

ITpoPAnua Srtagpopetikne akpipelag
Yvupolooerpec
MeyeBocg teAovuevwv
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EvtoAeg

O1 10 ovyvoTtepeg evroleg Tov 80x86:
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| load 22%
2 conditional branch 20%
3 compare 16%
4 store 12%
5 add 8%
6 and 6%
7 sub 5%
8 move register-register 4%
9 call 1%
1 return 1%

20VoAo ~96%
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EvtoAec yua IToAvueoa &
Enelepyaocia Tnuatwv

EvtoAec SIMD:

Exuetarlevovtal tn OuvatotnTa O100TTA0TC
AeEewV o€ kpoTEPA OEdOUEVA

Avelaptnoia mpaenv petaly aveEaptnTmv TUn-
UATWV

EvTtoAec ymplg vtepyelAlon
Agtouyn vtepyeiAlong LE pPAyLO
E101kec uebooot otpoyyvAosmmoinong
EvtoAec mpooBeonc-yivouevou

AtevOvvoloootnon yia FFT
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EvtoAgg EA¢yyov Pong

AlakAadwoerg (ue ovvOnkn)

AAuata (Ywpic ovvOnkn)

KAnoeic vompoypapuuatwy

Emotpogeg ammo vmompoypapuata

YmoAoylopog o1evbuvoewyv mpoopiouov
AtevBuvolodotnon oyxetikn ue tov PC

AyvwoTtec 0ltevBuvoerg
'Epueoca aipata
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Yvyvomta EvioAwv EAecyyov Pong

O Floatng-paint average

&%
Calrsum B Intagsr avarage
Jurnp
. B2
Conditional branch 5%,
]
0% 20 W a0 TE8% 100%

Frequancy of branch instructions
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Y omoinon EAeyyov Pong

Mame Examples How condition is tested  Advantages Disadvantages

Condition BOxE6, ARM, Tests special bits set by Sometimes condition  CC is extra state. Condition

code (CC) PowerPC, ALU operations, possibly  is set for free. codes constrain the ordering of

SPARC. SuperH  under program control. instructions since they pass

information from one instruction
to a branch.

Condition Alpha, MIFS Tests arbitrary register Simple. Uses up a register.

register with the result of a

Ccomparison.
Compare PA-RISC, VAX  Compare is part of the One instruction rather May be o0 much work per
and branch branch. Often compare is  than two for a branch.  instruction for pipelined

limited to subset.

execution.
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Mot equal i
= Tk O Fleaing-point saverags
B Integer averags
16%
Equal 18%
0%
Careatar than or squal _ 119
0%
Garaater than 0%

Less than orequal

Lass than

(L 58 1R 209 S04% ¢ 50%
Frequency of comparison typss in branches
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Kwowomoinon EvtoAmyv

CISC

[ToAAeg uebodol O1evBuvolodOTNONC ATATOVV
£101KT] K®O1KOTIoINon yia tn otevbuvvolodotnon

[ToAamtAQ TeAovueva pe olagpopetikee Hedo-
Oov¢ 01eVOLVO1000TNONC 00N YOUV O€ UETAPAN-
TO HeYyeoC A0 EVIOAT O€ EVTIOAT

RISC

Mia 1 6vo pueboootr O1eVOLVOI000TNOTC 00N-
youv o€ otaBepo ueyebog evioAnc
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Me0Ooo601 Kwowomoinong

Operation and | Address Addrees o w e | AddresE Addrees
no. of opsrands | speacifier 1 fiekd 1 specifier n fiskd
ja) Vanabls {2.q., Intal Bxes, VAX)
Cperaton Address Addrees Address
fiald 1 fiakd 2 fiedd 3

(ki) Fined (8.g.. Alpha, ARM, MIFS, PowerPG, SPARG, SuperH)

Cperation Address Addrees
epecifier fiedd

Cperation Addreas Addrees Address
epecifier 1 epeszifier 2 fiedd

Cperaton Address Addrees Address
specifier fiekd 1 fiedd 2

iz} Hybrid (2.9, |BM 360270, MIPS16, Thumb, T TMS3200C54x)
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