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 Final Exam S3
"ﬂzj_:-i.Computer Archltecture

Duration: 1 hr 30 min.

Exercise 1 (9 points)
[n this exercise, you should write three subroutines that copy some bytes from a memory location to an-
other memory location. None of the data and address registers should be modified when the subroutine re-
turns. Each of the subroutines has the following inputs:
Inputs:  ALL points to the source memory [ocation.

A2.L points to the destination memory location.

DALL holds the number of bytes to copy (unsigned integer).

Each subroutine can be written independently.

1. Write the CopyInc subroutine that copies data by starting with the first byte and that increments the
addresses (see the gxample below). We assume that when CopyInc is called:
+ The DU register is not nuil.
The Al and A2 registers are not equal.

2. Write the CopyPec subroutine that copies data by starting with the last byte and that decrements the
addresses (see example below). We assume that when CopyDec is called:
+ The DO register is not null.
+ The Al and A2 registers are not equal.

3. Write the Copy subroutine that calls CopyInc if the destination address is smaller than the source ad-
dress or that calls CopyDec if the destination address is greater than the source address. We assuime
that when Copy is called:

+ The DO register can be null. If so, no bytes are copied.
The Al and A2 registers can be equal. [f so, no bytes are copied.

Example for A1 = 51000, A2 = $2000 and D0 = 3.
CopyInc: ($1000) — ($2000) CopyDec : ($1002) — ($2002)
($1001) — (32001) ($1001) — ($2001)
($1002) — ($2002) ($1000) — ($2000)
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Exercise 2 (4 points)
Complete the table shown on the answer sheet. Write down the new values of the registers (except the

PC) and memory that are modified by the instructions. Use the hexadecimal representation. Memory
and registers are reset to their initial values for each instruction.

Initial values: DO = SO0O4FFFF A0 = $000050080 PC = $00006000
D1 = $06O1006A Al = $06005088
D2 = SFFFFFEFD A2 = $00005010

5005000 54 AF 18 B9 E7 21 48 (0
5005008 (€9 10 11 C8 D4 36 1F 88
$005010 13 79 01 80 42 1A 2D 49

Exercise 3 (3 points)
Determine the missing number for each addition below in order to match the given flags (use the hexa-
decimal representation). If multiple answers are possible, choose the smallest one. Answer on the answer

sheet.

1. 8-bitaddition: $7F + $? withN=1,Z=0,V=1,C=0
2. 16-bitaddition: $98BD + $? WwithN=0,Z=1,V=0,C=1
3. 32-bit addition: $98BD + $? withN=1[,Z=0,V=0,C=0

Exercise 4 (4 points)
Let us consider the four following programs:

Progl tst.b  d5
beqg quitl
moveq.l #2,d1
quitl
Prog2 tst.w  dS
bpl quit2
moveq.l #2,d2
quit2
Prog3 move.w #100,d7
loop3 addq.l #1,d3
dbra d7,loop3 ; DBRA = DBF (DBcc with ¢cc = F)
Prog4 move.l #1600,d0
loop4 addg.l #1,d4
addi.l #10,d0
cmpl.l #2000,d0
bne loop4a
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+ Each program is independent.

The initial values are identical for each program.
Initial values:

D1 = 506000001

D2 = $00000001

D3 = $000000080

D4 = $00000000

D5 = 50067A200

Answer on the answer sheet.
What will the value of D1 be after the execution of Progl ?

What will the value of D2 be after the execution of Prog2 ?
What will the value of D3 be after the execution of Prog3 ?

o o=

What will the value of D4 be after the execution of Prog4 ?

Final Exam 8§83 3/7



Computer Architecture — EPITA -~ S3 —-2015/2016

Final Exam S3 4/7



Computer Architecture - EPITA— 83 - 2015/2016

EASy68K Quick Reference v1.8 hitp:ffwww.wowgwep,.com/EASYGBI htm Copyright @ 2004-2007 By: Chuck Kelly
Opcoda | Sime | Operand | CCR |  Effectiva Address s=scurce, d=destination. e=either. i=displacament Jparation Description
BWE o XNZVC | On [An| (An) [{Anl+ | ~(An} | GAn) | (tAeRe) {abs ¥ [ ebs.L [ (LPCY [ G.PC.Re) |#n
ABED (@ |ByDx RSt LN I I I - | - - - - Dy + Dy + X -2 Dxg Adé BCD source and eXtend bit to
-{Ay).-(Ax} -]l - ] - e - i - - | - | -lhydg v -tAx)g + X ~2-{Axly | destination, 300 result
ABDY [BWEis0n evExla sl s | s [ s | s s s | 5| s s |sis+0a>Dn Adi binary (ABD] ar ADD0 s used whan
Bind eld|d | d | d]|d d g [ d| - - | -ibned>4d sourze is #n. Prevent ADDA with #nl)
ABDAT [ Wlishn  [----- slels|s | s |s H s |s|s 5 |sis+h->hn Add address (W sign-extended o 1)
ABDLY | BWL Hiind e lgl-|d | d [ d ] d d g d] - - |siffacd->d Add immediale to destination
4600 |BWL [#nd vl d [ d [ d ] d g fd sidned> 8 Add quick immed iste {#0 range: | to B)
ADY  [BWL[By.Dx bkl % RN I N N - N - |- iy« Dxs X2 Dx Add source and eXtend bit to destination
-(Ay)-(hn} - -] - e | - P - - - - -+ -+ K (i)
T [EW (s HEEERERE $ ERE s [s sl Da—>0n Lagieat AND source to destination
Ond -ld|[d | d]Ad d dfd| - - 1 -iDnpMDé->d (AND! iz used whea spurce is fin)
ARDEY | BYL [dnd -ld]d [ d | d d g i d s [#nAbld >4 {ngical AH]) immediate Lo destination
ARDEY |B [ 4nGER -1 -0 - - - - 0§ - - is |[#nANDLER -> CIR Logizal AHD immadiate te ECR
ARDEY | W 1SR 1B B 5 |#n AND SR > SR {ngical AKD immadiate to SR (Privileged)
ASL  [BWL[BxDy gl-| - - - - -1 g |Hrithmetic shift Dy by Dxbils left/right
ASR iy T 0 I R O R R R | R et Dy Anbis R (108
W - dld|dle] d |d]4d | Ge——=LZ¢  |irithmotic shift &s 1 bitFeft/right (W o)
Bee  [BWF jaddress’ |----- -1 -1 - - - - |- - |- [# e teue then Branch condifianally {cr table ar back)
address = 0 (B or I6-hit = offset to address)
BOEE |8 LiDnd e g d P d | d i |d - - | NOT{bit number of d) ~> L [Set Zwith stote of spacifiad bit in d then
find dl-[d ]| d]4d]|¢ d d|d - | s |HOT(hitn of d)-> bitmofd  |invert the bitin d
ACEE (B L[Ond e d|[d}d | i d|d - - | MOT(bit numbes of d) > I [ Set Z with state of specilied bit in d then
fnd d{-|d|d|d]4d i i |d s {0 -> bit umber of d clear the bt ind
BRA  [BW° |address” [~~~ - o - - |- - {oddress > PC Branch always (8 or 16-bit £ offsed to addr)
BSET (B L{Dnd R A R d d|d - |- [HD¥(bitnatd) > 7 Set Zwith state of specilied bit in d then
ftnd df-1d]d [ d | d | d | d]|d]-] - |s|i>btnofs set the bitind
BSR  |AW" [address? |~~~ - N P I - [ I e - | = [PC > 487 addrass > PL |Bronch to subrouting {8 ar 15-hit & ofset)
BIST [B [[Dnd I TIEERE R ERE d d | 4] d d |- |NOT(hitDaofd) = 1 Set 2 with state of specified bit in d
#nd dl-1d{d [ d | d | d [ a1 & d | & |s|i0btdnofd)>1? Leave the bit in d unchanged
CHK ¥ |s0n “*UUW g |-|s | s [ s | & 5 s {s]|s s | 5 [if Bnclior Onos then TRAP | Compare B with D and upper bound [s]
ELR  1BWL (& ~0100fd|-[d | & | d i d d d | d]| - - |- {024 Ciear destinalion to zer0
EMP* |BWL [sn ~or e s [ s [ s | s 5 s [ s | s s |5 |setGORwithDa-s Cumpare Dn to source
EMPAY T WL [sAn e lelels | s | s s B s | s | s s | s |setCCRwithAn-= Bompare Ar tn source
EMPI® {BWL [#and A4 d [ d]d d i {d} - - | s |setCORwithd - #n Pampare destination fo #n
B B [ efbds {2 |- - e T - T - - - - - {set COR with (Ax} - (Av) Tompare {Ax) to (Ay); Incrensent fx and Ay
Bce | W [Draddres® {=--~-- - -1 - - - | - tifec false then { Bn-f <> D {Test condition, decrement and branch
it In <> - then adde ->PC } | (IB-bit 2 oHiset o address)
gvs | W |shn g{-|s| s |s|s 5 s [ s s 5 i s |237hit Do/ lBhits <> 2ln |On=[ 16-hil remainder, 1B-hit quotient
Nl | W |sha el-[ sl s | s |s 5 s s | s s | 5|32t Dn/ kit =D D= [ 16-hit remaindar, I6-hit quatient ]
EOR* | BWL {Bnd e did|d [ d did] - - [s*[0a¥IRd >4 Logical axclusive 8R On i destination
EORI® [BWL Hind d{-féid | d | d d d|d - |s[Hn¥iRd->4 L ogica! exclusive B8 #n lo destinat
EORI® |8 1n DR - R ERE - -] - s |{#in XOR CER ~> DER {ogica! exclusive DR #n to BER
ORI | W |#a3R -1-1- - - 5 itn XOR 8T > 3R Logical exclusive OR #n to SR (Privileged)
EXG L|RxRy ele - - Tregister € register | Exchange registers (32-bit snly)
X7 il |0 dl-] - - - - - | - |OnB > 0¥ [On¥ > Dnt |Sign estend {change Bta N or ¥ ia L)
IEGALY | gmmem B EEE . - HEE - ~ |PE->(85P); SR—>-{859)  |Generale Hlegal Instruction exception
Mp d e d d d R IERE: i {-|Td>PC Jumng to efiective address of destination
JSE d |- -1 d d d IR i [-[PC>-8F;Td>FE push PT, jump to subrouting st address d
LEA Llsdn  |===m~ e 5 5 s |s|s g |- [Ts>hn 1 nad elfective addrass of s 4o An
LiHK hdin |-~ -1 - B B B v T > (SPSE D A Breste focel workspace un stack
SP+ #r >8P {negative n to allocate space)
ISL  |BWE|DxDy =10t e - -] 1 Logieal shift Dy, D bits left/right
LSR tnly él- -] -1 -1-1- -] o| e Lag‘mal it nz. #a bits L/R (¥n: 1 to B)
W|d Sl-]d ] E i d | d d d 4] - - -0 "i:)‘[: & | Logigal shift d § bit lefe/eight (W only)
MOVE® | BWI [ed els| o[ e e ] 8 g |e | s G Move data fram seurce in destination
MOVE | W |sCCR si-|s]| s |s |s s s {8 | s s |s[s—>CLR Have source to Gondition Cade Register
HOVE | W |sSR si-|s| s |5 |s 3 s 15| s s |sis—>8R Wave source to Status Rapister {Privileged)
HMOVE | W [SRd e df-[d ] d| ¢ ] d d [d] - - -8R > d Move Status fegister ie destination
HOYE LUs#A |- Sl -1 -1 -1 - - - |- ISP -> &n Hove User Stack Painter to An {Privileged)
AnJiSP st -] - -] - - - -] - - - [An-D>UEP Hove Anto User Stack Pointer {Privileged)
WL sd RHZVC] O | And (An) [ {Ande | -tAed § (i fin} | (An R} |2bs 7 | 2bel| GREY | (IPERA) Sifn
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Revised by Peter Csaszar, Lawrence Tech University — 2004-2006

Npeoda| Size | Operand | GGR |  Efective Addrass s=source, d=destinalion, g=gither, i=displacement [peraticn Descripion
BWE!  sd  PHMEVC|[da [An| (Ar) | (Aede [ -tAn} | GiAe) | (iAnRa) [abe ¥t [abe [ i PE) T GBCR) [2n
MOVEA [ Wl shw  |[-—-—- slefs|s | s = 5 s | s s 5 [s|e2>hn Hove source 1 An (NDVE 5 An use MOVEN)
WOVEW'| WL [RaRnd [=---- “-fd ] -4 |d d d |4 - | - |Registerz > d Move specified registers to/fram memory
sRu-fin l-ls s [ -] H 5 15| s s | - |s > Registars {¥ source is siga-exiended tn .| for Br)
MOSER | WL |OnGiAn) [--=~-- $ d - |Ba > {ihah. i+ 2 An)..{i+4A. | Hove D to/Irom aiternate memory bytes
{i.An}0a df-| -1 - 5 - - - | {iAn} = Dn..(i+2An)..li<4 4, | {Avcess anly even o7 odd addresses)
MIVER' [ £ #nDn —*0(d -] - R E - - - - s |#n > In Uove sign extended 8-hit #n tolls
MULS | W [s.0n “**00fp|-|s |5 i5s |5 s s | s ] s § s |#bits © «fBlbit Dn > «0n | Wultiply signed |5-bit; result: signed 32-hit
WEH | W |sDn =00 |-[s [ 5 | s |s 5 R s | s [IBbits * iBhit Oz = Bn Hultiply unsig'd 16-bit: result: unsig'd 32-bit
NBCA B |4 rurid |- d |4 [ 4| d d d | d]| - - - |0-dg-X=>4d Hegate BED with eXtend, BCD resull
NEE  {BWL[4 rredeld -] d [ d [ 4] d d d | d - |- [0-d>¢ Hegate destinalien {2's comglement)
NEGX [ BWE [d yreedalgl-td ] d [ 4| 4 d d | d - |- iD-d-dd Negate destinativn with eXtend
L BHEEENRE - R < |- {Mone Ho npecatisn accurs
HOT  [8Wi[d =00 d|-|d|d|d]d d d | d - | - [NDd) D Logizal MBE destination (I's complement)
Ry [8WL]sDe ~** 00 |- s | & {8 |s s s [ s s s |8 [sIRDn>Da |ogizal {IR
[nd e|l-(d | d {d|d d i | d] - - |- |0afiRd >d {08 is used when soerce is #n)
ORI {BWL [ #nd =00 -] d | d | d ] d 4 i |d - |5 |#sORd>d Logizal 08 #n 10 destiation
mRIY |0 |#nlCR - -] - - - - - |- 5 [#nOR LR -> CCR Logical fIR #fn1n [CR
ORI* | W [#nSR -{-1- - - R - |s|#:DRSR > 3R Luogical R #n to SR (Privileged)
PEA Lls 5 5 5 s | s | % s |- [Ts>-67) Push slfective address of 5 onio stack
RESer | 1 |- - - - - -] - - - | Assert RESET Line lssue a hardware RESET (Privileged)
ROL  [BWL [DxDy e - - - Tt Rutate Dy, O bits left/right buithout X
ROR #o.Dy d|- -l -] - - - - - s Rutate Dy, #n bits laft/right (#n: [ to B)
W |d -ld e ald] d |d]d < o] ==L | Rotate d Fbit eftright LH nly)
RO {BWE [Dx iy RYOr | g - -] - - - - - 34]:5 Rotate Dy. Dy hits L/R. X uzed then updated
RO #aly I LN B - - - s 1 Ratate Dy, #n bits left/right (#n: 1o 8)
W |d llg e {add] @ (a4 - |- | G=——"2w1 |Rutate destinaton Ibiteft/sight (W only)
RTE N - - - -1 - - 1(SPje <> 8- (8P)+ > L [Return from exeeption {Privileged)
RIR - - - - |- - |- {(8M+ -> LR, (SP)+ > P | Return from subreutine and restore SER
s e - B - [(SM« > BC Return from subreuting
SHER (8  [Dybx (g - <l - - - - - [Dxg-Dyy- X > By Subtract BLD seurce and e¥tend bit from
-Uy)-(A9) sicb -t - e |- - - | - - [ -lAh X ~>-(Ax)py [ destination, BED resalt
Scc B[4 |- d did | d | d d d|d - [Fecistruethenfs 2 d  |Hectrue thendB=11112111
else 5> 4 glsa 48 = 00000000
S0P fin samze| o[- L ] - - - R E - s [#n > SRSTB Wove #n to SR, st processar {(Privilegad)
Shg* [BWE |sDa *ededlols]l s | s T s | & s s | stis s |s*[0n-s30a Subtract binary (SUBI or SUBD used when
Ond eld|d | did|d d d [d] - - f-|deDn>d source is #n. Prevant SUEO with #nL)
SUBAY [ Wl {sAn c=——isluf{s| s [s|s 5 s [ s ] s S is|he-s DM Subtract address (O sign-culended io 1)
SO81* 1BWL [ %ol vt dl-{d [ d | d ] d d d [d] - - s (d-in>d Subtract immediate from destingtion
SUEN® {BYL|#nd e lg did [ d [ d | d d d id - is|d-#n->d Subteact quick immediate {#n range: 1 ta B)
SUBX  FEWE | Dy.Dx bl 'R I S I I - - - - |Dx-Ty-X->0x Subteact source and eftend bit fram
-(Agh-{he) -P-] - [ - - |-he) - W) - X > (k) !destinetion
SWAR | W [Dn ~rro - -] - - - - - - - - [bita[3136]€-->bits{I30]  1Exchange the IB-bit halves of {ln
ms B |d “00|d|-| 1 d | d | @ d d | 4 - | - |testd->CLR: L -2hitTold  {Nand Isetta rellest 4. hitT of d set to f
TRAR 1 LR - - - - - - - |- s [PC->-(55P)SR->-(8SP):  3Push PE and SR. PC set by vestor table #a
(vector table antry) > PL | (#n renge: 0 1o 15)
R RN - E - |- (U ¥ then TRAP #7 I neechlow, execote ar Dverflow TRAP
IST IBWL|d =G0l -[d ] d | 4] 4 d i |d - | - [testd = LGB Hand 2 sot ta reflast destination
[I7]ES | df -1 - - - - -l -] - - - [An <> SP- (88 > An Remave focal warkspace {rom stack
Bl|  sd [ XREVEOa [ An| tha) [ {A0)e | (30} | 5hn) | GAnRn) [ 2ba ¥ | 2hs L | 5FE) [ GEC.Rm) | #n
Candition Tasts {+ B, 1NDT. & X0R;® lnsigned. ® Alternate ec ) An Kddress register (6/32-it. n=0-7)  SSP Superviser Stack Painter (32-bit)
e Cotdition Test | oo | Condition Test On Dots register (BAG/32-hit.n=0-T)  USP User Stack Painter (32-4it)
T true i VE | wverflow elear | WV R any date or address register 8P Active Stack Pointer {same as A7)
F fale i V3 | averfiaw set v ¢ Source, d Dastinatian PL  Progeam Counler {24-bit)
I Figher Ban W+ | P | gl T g Fither snurce or destination SR Status Begister {(B-hit}
g lowerorsame |G+7 | M1 | mims ] #n Immediate date, | Displagement | COR Candition Code Register (aver B-bits of SB)
HS" U6 | higher ar same | 10 BE | greater or oqust | 1M @ 1) BLB Binary Loded Decimal K vegative, Zzero, Y overflow, § carcy, X extend
LD* C8* | fawer than f L¥ | iess than Y T Effective address * set according to operation's result, = set divectly
TE nat equal 17 BT [ greater than MeVi+1]| 4 ;ﬂﬁg UE:T;fi;§|lll;::th¥:ﬂ oaly - notaffecizd, Bcloared, et  undelined
ssembler calculates offse
B | eyl LG Jlessoreqnl [(H@¥)+1 © ranchsies: Bur § 28 o <27 bytes, Wor L3278 to 52 byt

Assembler sutomatically uses &, § Qar M form if possible. se #n to prevert Quick optimization

| Distributed under the GHLE general public use license.
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