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ABSTRACT In this paper, We use the APL as IDL when simulation a 16-bit SIP. It was possible for IDL to
represent and describe a structure of a H/W which other HDL have not.

Barause We partitioned whole system to various modules when desingning processor, We adopted a direct decoding ~
method, A designed each modules are executed according to 12-bit control word was inputed through experimental
framework, Which were composed to symbolized instructions,

In here, By setting instruction codes of the SIP using binary code, We composed instruction format and assembler
instruction, and verified the SIP behaviour that try to implement by entering a presented instruction set through
experimental framework.

In a presented SIP, Because inputing program are a symbolized language, Designer and user will easily understand
behaviour of system. Especially, Because we can immediatly specify a uint function within SIP, We wil use variously
and easily the library cell.
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Fig. 3-8 Implementation of Bidirectional Shift Register
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11ojofoof 11 0000 | 30 AND
tr1fofoo]l u w0 | 38 NOT

(Table. 3-3)¢| ejel x5 4je)e APLelo]o]
ol stof Aldpellol A slodrt. olg A slel FAE
Zlashsl W Al &L e A A
2 el9] dlolel zhaepd Hestn ook
AR 1] B ez e 2 A FehA =+

d o|lm] Znbz] # & A E st =)
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# 3 /IDLE o] 83 16-u|E SIP2 AA g Al Eao]ldol g A

 EEEECEE EETER
2} 25 z2gsel 2 FAFAL o
of WHHAL (Fig. 3-10)e] wojaleh,

ty
int

i
¥

===

Fig.3-10. Instruction Format

(Fig. 3-107°l4 RS1,RS22} RD+= & =28 &
AAse Are vz AxLeABCDE
AR ek mebA oA g 2A Yelow 4
3wl OP-CODE RS1,RS2,RDojct, o & Zof
RA A 2€l9 W3} RBaIA 2 &g
tshe] RCAA 2ol A4ahe Wele Ad5}7)
9% =2 a2 2(ADDRARBRC) 2 245},
o] 9§ 2xz =2 F A3 (0010 000 0110
)o.z 2=t o714 2 Aelasd et
A2 APL¢| Catenationztol]l ¢l 48 %o},
o714 FAF wWEde] 3 (Fig. 3-1001 4
Hoyx %o} 12-8]Ee E& x| e} o]

Z1%stsl gEol 2y zzad A FAel
u}e} 120] E 2] ROMo|| #ball 2 7] 5jw] 2} A&
zzazg AdAdee FHE AFE 22
Aol 24l et =g aslg qledste) Zrad shE
Ele] Aol geb xpalz AelReh o714 W
of =% 23gt=x ROMo| 7|5 =& 531
o nﬂesou AgEE AR ABE dA2HER
ol mE9] AWt v Eo] o3 w
shodch & olwhe] Aelg AE
47 A 2E e AYE o4 'ﬂfﬂo{
Eoll 2gslo} olet 2eln Weje] 2
NEdel AAAE ARG 22
2o wojReh

T

£

s
oy

o i 4

i {n i o

!
U lfU

to X

-{m

V. IDLof| 2f8t AlZ2|0|M

16-91E ZRAlAe) Agalelde 98 Fnel
F& olelel £Ajol mek Ad ek oi7)4 DL
24 A£5)2 gl APLE 3094040 of »
o2l o},

24"1) A 7 AlAz=E ABCDY 27AE
obeh g 7]E 3] F-of qhet,

IMA<LDA INITIAL-DATA
A<16pIMA<Q
A<16p ((1602)yDATA)

o] A Ad|A&¥ol 7|2 F Foisls Ao
ohE 30 sl zEof A E FAg U
2 27|13 F Fod3to o] 27|AF F+ frod
T4 T Sese] ZRAM JH3s
zgoeog Fe ZEso] g
MHE2) AT A sle dEHe AdY=E
zza2 744Est AA4stE ROMe| #iAz
2El 9]3 A obx wiEd A2 28 IRE 225w
o] A% 12-ujE2] CWE %35l vfojzz =2
Al Aol qlEdtet, o] /L ol AHE] FEH 4
oA ch.

ROMP & CWe IR

SO «CW[7]OS1«-CW[8]OS2«-CW[9]OS3
«~CW[10]OS4«CW[1]OS5«-CW (2]
S6—CW[3JOCA1<CW[4]OS7«-CW[5]OS8
—CW[6]OS9«-CW[11]OS10<-CW[12]

—((a/CW)=1) /HALT

o714 ROMP: Zza# 77t AAste
ROMe| wizle] #Ha¢ R 2E3he $2&
A& fFUE ol 2l FulA ol

& CWo 12-0]EF Zh7e] Ae Zmof &5l
£ #olv| CA12 ALUS| Z7|se]o|c}. 4wl
Zzaee HLTH# S 4dste Aoz HLT
oz o] Aol 12-¢E 57} lojlug &
8] E & AND3}od lojl o) Aag F7)3}
A Hx 23x o stEde] T2AAE
Al F2A 71 A "t
2N3) 7 al " 2ol 715l 16w E gk Aloj €l
zof wlEgtol] wtet Aelsls] $fste] Az A%
Het &

Ai—A[i], Bi«<BJ[i], Ci«C[i], Di-D[i]& = ¢
4x1 HElFal A 2515 20 A7 Rl
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D4M4) HeEFA A 2F1IR g2l ol ds 4
He] A2 Eo] A-BUSe| Aletr] a4+
Zpg1)oll A wholEof Al S50,S1%kel whet 2 A x|
B-BUSell A 2]7] 9all A= S2,83%kel ufe} 4 A
b webd AefYg=F S0,51,82,839F 413
2)e} A(3-3)e el zbzk ol Ayl H A sl
=

MAi—(AIA(~S0) A (~S1)v(Bia(~S0)AS1
YV (CIASOA(~ST)v (DIAS)AST)

MBie—(AIA(~S0) A (~S3)V(BIA(~82)A83
)V (CIAaS2A(~S3)v (DIAS2AS3)

o] 7] 4} MAi+= A-BUSel oA xlo] ACi rof
7} 2 MBii= B-BUSou ol A %l o},
BEB) Aol x| ghol]l elEvhar 1

ACe} B-BUSe| Alefeslg = l 1 i} 4]
HH4) 2 e ulolel= AL 2 drofeb s
A o} 7. 284,55 S6,CA1(CW[5 678J o] ) e gk
off 9|3l A4ke] FH/7F FRslo] Aulslch k3
ol A} Adrd gl ol AbzadAbyl =l 4k & 8w
Well 4] AMelslar oleh 4l(3-4), A(310,, #4
(3-11) 2 ¥ ALUS &2 otefx il odofzl
c},

o
,olAL

XieACiv (S4A(~S5)
A(~56)A(~BSi))
Yie(S6ABSI)v (S5v (~BSi)
Zi—(~S4)ACAI

A(~S6)ABSHY (54485

o 714 CAix AC9 il w)EZto]la BSi+=
B-BUSS] isis wlEgtoch o] zzaelogs
B i w]Eo] ofAlA gL
SMl«-Xi®Yi® Zi

o] i ojul WAt FCAIH1>

CAIe(XiaYD) v (Xi@Yi)aZi

38

7h gleh ol A gl ALUol«| Heigl Axtys 4be)
el 2] 2 E] - A4 7150 C BUSe| 48] =pg)o] &
Al A 2~¥f 2 trofvhA Hch

DM 6) Al Wl 2] el i o)elo] g aelxa
& 2 ah Al &l o,

COUT«CA17OSIGN«-SMIOZERO -~ (7 /
) OQOVF<«CA16@CA17
STAT<«-4pST<OVF, ZERO, SIGN, COUT

B4H7) C-BUSo 4o} ALUS 4 2 2)xl 27}
1= Arelol - el &) ~E] 9] A 01:7 A= S7 S8ell o] s}
ol 47kalel 715§ whoh o] Aeli=(Fig. 3-8)
AR obel Hul Al xlc)

MOUTie(SMIA(~S7)A(~S8)V ((SMi- 1) a -
(~S7) AS3)V ((SMi+1)AS7A (~S8)

ol 7] 4], Aelyl 42l Mouty- D BUSol 4l
oA el =) e gksll gl el

4y 8) zefolg el 2l sElof 4 A elslo] D
BUS ol 4@l wlo|ebi=<Fig. 3 1) +4% 4
el 16 8] el 2e g shubel] ] E =)
ofuffe] 422 el x| e Al A s AL (Fig.
39l 2x4 vlar]s)iel Alelgled S9.S100)
L’l-. o171 4] DO=lol®l ez ~elA7} A&l 5|,
Di=1le]™ @z £¥B7}, D2=10o|w o]z ~€C
7}, )'%—IOI“ Al 2] 22 e D7 Alelslef, ofef i
el o vl el 5l SO.S100] F o] ¥ A o 2|
tof] .r.l1kl o] Az g HojFo)

DAFi«(AiA (~DC1)v (FiaDC1)
DBF1e(Bia(~DC2)<7 (FiaDC2)
DCFi«~(Cia (~DC3) v (F1aDC3)
DDFie—(Dia(~DC4) v (FiaDC4)

upxmte 2 HLTw o] ofd 49t mg o)
7hi-E el W && 1ubsh FokA A obs é
ROM.o & Y-¥] 2lojo}o} sfxm g A]Arlo] %

ztew FobrhAl sleh of v A izl ﬂvrﬂ
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% /IDLE ol &3 16-¢]E SIPel AA sl Al galol Mol B8 ol

o WE&E FoHgle U EZSE INCPR
Folzliel, 912 8717 ¢ Vécﬂl ol& Hetsl
AA| =) 16-v|E £ &uede] =g A& 7538}
of Al g8 ol Adstalct

V. AEAHE S5 24 M Exto

ol

WA gl aazt st AoigEs CWeke
g Bl ZaA A 2315 = 2 qleE o
7z AAe] Boz sl Aejm=i Fols e
= 2] # o}

olefoll = e zdhz violzg F2(Mic-

ro-Operation) & 9|8 Ao} =5 o] 74
A7b EA e dlE S MolErt

1) A<A+B

o] A& (alx ¥ Aol &3} #lxlx¥E B
o W &% tistod al A2 Aol 4 set) sk
wlol a2 Fatolrh o] HAE S 7 F
o] Fatoll ohall ofefel 32 Ao EE ook
Elazg
1) MUX Group Ao« #zlxe] AE A
S0,51=0 0
2) MUX Group BollA #l =28 BE A€
S2,53=0 1
3) ALUol| 4 (+)sl4Hg 913l S4,55,56, Cin=
0010
4) Shiftero| 4l zte]olEgle] HEL Hal: S7
58=0 0
5) Decoderol| 4] Aol LoadAlZ & 7] $#4.
© 89,510=0 0
wtepa] o] oflo] wfgk Ao = CWel

MUX A MUX B ALU
SO,S1 52,53 54,55,56,Cin
00 01 0010

SHIFTER DECODER

57,58 59,510

00 00

2 (ADDRARBRC)® 7] %34 olo] & A&
Z 2 A Aol glEdte] HolFors 23
F2hg &A e

2) C<A-D

o] 7 (A AE Ao alx~eDE w4
# 2| 28] Coll A43te})st vlo]laz E2fol
ko] F2E g Al Ed ubFe] MAh
1) MUX Group Aol4l allzl2el A& A€
S50,51=0 0
2) MUX Group Boll4] #=l48 D¥# A4
$2,53=1 1
3) ALUo A 29| Faoff ogt wir|aisbg 9
&1 54,5556, Cin=01 0 1
4) SHIFTERel A =tule]igle] A& 98l
57,58=0 0
5) DECODER©®|| 4] Col| LoadAl 35 F71¢] 8l
59,510=1 0

of BAE A9 zaAMe Aoie i
MUX A MUX B ALU
SO,S1 52,53 54,55,56,Cin
00 11 0101
SHIFTER DECODER
S7,58 S9,510
00 00

2 E¥sjzz (SUBRARDRC)E 9ledsiad
88k vholan FaE Al gt $e
5L J)B o7 slo] @ aalg ZAJE o=
olgfjell modAlct, o] o o4 COMPROCE
HodFol A AEHE 16-vE L& ndgo) g4
#f o]t

3) Zzamel =0
PROGIN1

STT«1 ODP<-1
PC«PCDTB DP

- PROGRAM IN -’
LDA 40

LDB 30

oW
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7. LDC 32

8. LDD 23

9. ROM [DP:]«<ANDRARB,RC
10. ROM[DP+1:]«<LOR,RCRDRA
11. ROM[DP+2:]«<HLT

12. “-~PROCESSOR CALL '

13. COMPROC

PROGIN2
STT<«1 ODP<«1
PC«—PCDTB DP

- PROGRAM IN -
LDA 100
LDB 200
LDC 250
. LDD 300
. ROM [DP:]«<ANDRARBRC
10. ROM{DP+1:]«-LOR,RC,RD,RA
11. ROM[DP+2:}«-HLT
12. *--PROCESSOR CALL
13. COMPROC

© 2 N e

V. 28 8

B oERoae Ta MG Al EHe] AT
APLS Ag3t9x, o] APLg ot& sh=9lef
7% oo So| #A Fahe T H¥} V1E
o] s tEE seda =z e} FAHE R
3+4-" o] 4% (Functional Level)el Al A A 3] 2
o] Fzo} N SAUA A FallAE 4 AT
2 g} (Vector) v+ ") & & & (Matrix),
2] 3 ~7+ek(Scalar) - 71t A efsh7] 7t
AHsldens Z2 A dlAAE Y 2
£ape] Eg-E g Fau AL derv)
stedch 4] Ad® wHER 2 ALF
Moz A F7} lofA ZrAA e Ao
2 7} 28 3 2ol Felste] QAIA T

ol AAG £ el e e 16w =

o] 2 A+ IDLEA 9 APLE ol &3l
729} F4g Aol dalglon] 7 ¥¥ 52
=g Eas 1§ 20, ALU, A% #lx 2
B, gar, 222 Y8 LE 1Foz ¥F
shgom ALUS) A4l Al Akt el el arg
ASES o7l wiol 1 Z2AAY Fatol
dg EH@3 Fzol hk 74l Zekal A,
S shmalold FAYE AgHE el ol
=i}, EY 2§50l olu] IDL&el 23slef U7
o, ekl Aelsel Al F A A7l
wel 44 e Asts THY & dek 22w
rhe] Sz olrlA AR AGAAE
Soho Alzol orbE 12-wE Af9c
Al asol ols) BASES shglon,
of Aol Ee) Fabol el ZzAHTt A

QN

gl 75z o] F7b FARAE AA A AlEE
o doh blol wheb Al WA 4+ Y=
shodar, A AyE 5 YEE tolow AEE]
2818 ol7|7} A gon g A|lAule] Fxof g
Eztel olalst ofEshoirh

,1| :rLAQ 74 H A]_égé}ou ot}eio = nieg
t XhJP =apgak ohuel 7| g shsted A4
olof & A&t w5 shgl7] wifel, 2eja AA
At AbE AL L ek RS 99 71§§Ho4
AR E 238 Al Al 3] A A& A 2 A4 ol g}

2l of 41 42} (Assembler) el o] & 2 & 2.2} 3h = &43}

SAbskAl slea 4 A sharl wiEel Al
FA g maAxe e FaE 44 2
2 0lolc) oy 7] A = A A A FUl E jE g
& gra qlely FHAlol ukg °1 *}%Shi Jl
Al sRe s FUE e 7lE3t ol
A ghg R FIL theks Pl »’rﬂi o7 A
4 Ak
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APL od4kzt

1

. Transfer —: Branch
{_1: Input / Output

A Logical and

. Logical or

~: Logical Not

@ : Logical Exclusive or

. Comment

p. Array Decaration
¥: Decode

< Connect

/ ¢ Summation

' : Catenate @®@: Equivalence
OPCODE

TRA<6TR A<-000000
SHR<«-62SHR<000001

SHL«-66SHL «-000010

INCe62INC<000100
ADD«62ADD<(01000
ADC«62ADC<001100
SBC«62SBC<010000
SUB«62SUB<010100
DEC«t2DEC<011000
LOR<62TRA<100000
EOR«62EOR<101000

AND<t2 AND<110000
NOT<«6oNOT< 111000

2k FU(Doo Youl PARK) 16 £
19564 1 H30H 1
1980112 )] & #edn KAUE TR
198205 2 )1 © sl ABHEE S 1R R
R Y (1AL
198542 13 ¢ #GiABHE SR UMEL
[ 30
19804~ 19834 9 1 @ didi ARFE 4 T
1A EE B #
19854 3 H ~ B4t ¢ gt & Pap B B fa IR BB

* $§ X (Jong Heon LEE) I 7 5
19334212 25H /k

g KB BBE g

gl KBUE R THERE Kb (T

87 ~'89% L - TG Bl - By LR
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