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Every computer designer has his own favorite computer design. FLEET is mine.
| have dreamed for many years about the ideas offered here and | plan to spend more
time in the future understanding their implications.

| first got interested in a computer with only one instruction at Caltech in the late
70s where we considered a computer called Our Machine, or OM for short. At Sun
Microsystems in the late 90s we built an asynchronous test chip, called FLEETzero, to
demonstrate an asynchronous “switch fabric” capable of carrying information from several
sources to several destinations using a pipeline switch with very high throughput albeit
considerable latency. The question now at hand is whether such a switch fabric can form the
basis of an interesting computer architecture.

et )

When computers were new, logic and storage were expensive, but wires were
relatively cheap. Early computer designers avoided logic and memory wherever possible
but treated communication as easy. They made design choices consistent with the costs of
the day. My favorite example is the jump instruction. Early designers put jump instructions
at the end of each block of code to avoid the expense of storing the address of the next
block while executing the present one.

Today’s chip fabrication methods invert the older cost balance. In today’s
integrated circuits, logic and memory are now almost free but communication costs dominate
chip area, energy consumption, and delay. In spite of such dramatic changes in the stuff
from which we make computers, vestiges of the past remain in many of today’s common
microprocessor designs. For example, a jump instruction still appears at the end of each
block of code in spite of the need to pre-fetch the next block while executing this one.
Instead of marking the end of a block and recording a pointer there, it might now be better to
put the same information near the beginning of the block. A pointer to the next block and an
indication of the length of the block would do nicely.

Rather than propagating history, | prefer to listen carefully to what modern chip
technology has to teach about how to build a modern computer. | see three major lessons:
First, simplicity and modularity can reduce design cost.
Second, transporting data will dominate delay, energy and chip area.
Third, low cost logic makes cloning and concurrency attractive.
We must design structures that recognize these lessons.

/011, 1234, &( #, (&13HI &89 3

4+ <0+#-, = — The FLEET architecture seeks simplicity and modularity by
treating all processing devices alike. A collection of processing devices, known as SHIPs,
together form a FLEET. The SHIPs communicate through a switch fabric that moves data
among them. MOVE instructions direct the switch fabric to transport data values from SHIP
outputs to SHIP inputs. Each SHIP is a separate module linked at well-specified interfaces
to FLEET’s switch fabric.

This memo describes only how SHIPs interact with FLEET’s switch fabric; it is
silent on what SHIPs do. An individual SHIP may have any number of data inputs and any
number of data outputs each with a separate connection to the switch fabric. The SHIP’s
data inputs and outputs may be empty or may hold data values. A data input must be
empty before it can receive a new data value from the switch fabric. A data output holds
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data produced by the SHIP and becomes empty when the switch fabric removes those
data from it. A SHIP that can do more than one thing, e.g. add or subtract, has a separate
data input for a command value that selects the action to perform. A FLEET instruction
omits the bits that might be devoted to an operation code.

A SHIP can act only when its inputs hold data values and its outputs are empty.
A SHIP may, but need not, consume its input values when it acts. For example, the
initialization setting for a clock and calendar register may persist over many uses as might
bounds limits for writing to memory. After acting, the SHIP produces an output or outputs
which must persist until the switch fabric removes them. A SHIP may have one or more
stages of First-In-First-Out (FIFO) data buffer at any input or any output.

This memo remains silent about how many SHIPs of what types compose a
FLEET. It also remains silent about how long it takes for SHIPs to act, leaving that to the
design of each particular SHIP. This memo is also silent about the meaning SHIPs ascribe
to their input data, how SHIPs process their inputs, and other semantic detail. This silence
gives designers great flexibility in designing SHIPs for different purposes. SHIPs are the
modules from which to compose a FLEET.

Although this description of the FLEET architecture is silent about what individual
SHIPs do, a particular FLEET implementation must specify the number and behavior of its
SHIPs. By examining the behavior of different FLEETs of SHIPs | hope we can learn
which combinations of functions prove to be useful.

P"##3$%% "' (& %— The FLEET architecture seeks to reduce the cost of
communication in two ways. First, all communication involves data “records” containing one
to eight words rather than only individual data words. This sort of mass transit makes better
use of FLEET!s potential bandwidth at a small cost in latency.

Second, the FLEET architecture seeks to reduce the cost of communication by
putting it under direct programmer control. FLEET avoids instructions like ADD or STORE
that include an operation code and conceal from the programmer communication to and from
a register file. Instead, the FLEET architecture provides only one instruction: MOVE. A
MOVE instruction causes FLEET to transport a data record from a source to a destination.

Where the data records go determines what happens to them. For example,
data records sent to an adder will combine there with other data records to form sums. Data
records entering a memory write SHIP will enter main memory, there to remain until recalled.
Data records sent to an output unit will appear outside the FLEET system. The MOVE
instructions of the program control the actions of the switch fabric that moves data records
within FLEET.

The switch fabric can transport data from any of several “sources” to any of
several “destinations.” The sources and destinations are, of course, exactly the outputs
and inputs of the processing devices, or SHIPs, comprising the FLEET. The terms
“source” and “destination” are used with respect to the switch fabric rather than the SHIPs.
The destinations to which the switch fabric delivers data are “inputs” of SHIPs. The sources
accessed by the switch fabric are “outputs” of SHIPs. Remember that source = output and
destination = input. “Source” and “destination” refer to the switch fabric whereas “input” and
“output” refer to the processing units or SHIPs.

FLEET!s one instruction, MOVE, guides the action of the switch fabric. The
MOVE instruction carries a source address from which the switch fabric will take data and a
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/ (B- 30\34&58 (BN43&B&570>3& 3A731>387; Q 1B3J

6 &/ 3>, BONA :&; BADBEKH+,- . %01183203- M 8- HE1- 27>251- &bC
1- 27>2518 3C 50K 14& - 73- 80BC KABEL- />251- §1& &5438 881 BRIB&K1- 27>251
/ 552&51>7UB1ZREX 3C 3C MBED, B51>70B1ZRE A5KB&; C3&-& ,C72 1357-RL
" 51>70B1ZRBMBE 3; 1- §1& 1R&3A731>3851N31, 3185 B&B2DE1,2HK1& ,C 72 1357-
807/ - :50& 7 21>3K50B@ C/ B:4BDBE3ED, BoBEIB85438 84, / / 31- &5ABELE & - B0
- 27>251&; >DB&D; 1&8&K80A, THEIB&5438 8:&883E), B(Hh 7/ SB1- IV>251-&; R
- - 13&0 281 3018&B&1- T7>251& 55 BBBEBEG- 3SEDBHBDHA), BBGH 7/ J

O5@B5N30& 7TMB>2 1 RB&B&S570>3& 3A731>3&87; Q 183& 14&8B&N ,? M7RSB

4; 2 & ZIB&/ 3>B34&570>3:81- 27>251- & ; RB@>7B&L& 1R« 3A731>3:&2 184038, 70L3R
DH78DB&H, 2D MP>EE, 1, REBE&H,2DB M>&L ; R5C/ BB&L- T7>251- &51>70B1ZR
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437@B018&N3&,; 2 &N3B&S IBSH&3-21; 251- §1& 1B&3D731C33:&K1& E 72 1357- 8®B7/ - :&0
, B BH1C3:& TFGCH1BBEA3& @,7 F, 78BS/ ; C3& BA3&/ 3CHB4&3-21; 251-1

J 3E 3E F3(&A; 251 B&AB3&3D731C18&73- &/ | B&SEN3& K, A& FOA&. .0 2
1-rC51- & M18&; 2 &BCS0Y- 8bE 8A3& ; E 3&570C38NBCT B& BN, & 570381813, BBNG ?
-3D731C3&1& 3E SBI&BC514:88B/ 32251%HA38BB& ; E 3&1- IV 251& (B- 303B- &3
-5703&; 2 &3D731C3& BZN3&3- 21; 2511&A04:8; CA&; 2 BBGHE 5@- &- & &1,2&8 M@L8
12 CK 28A3&3D731C3HHK2 8BE 312 & (B- 30B4& 148 50,1882 341 - 30384

6--7E ,18851C7UB1BLEA3& K A& FQCE ; MB- & ; 1BSE/ BE 312 251-
1 5-- F3I& 13& 18E; 8,13&K, A& FOG & 7ZA3&K; BSBE & &,18B3&3D7312, % 7- &&
CoE/ BB&ID- - &; A&A&3K331&3& ; 1BRIB(B- 2184 3- ,81- &\ B/ 2E (B&,E/ CB
AB78A 72&1 ; C3:813BB &S 5E 3 N30 (b/ 3UBI&IA3& K, A& FQCE ; B&51- - ZoH
-3@0 &3/;Q B&; @ &/ 3G, AB4&BE; ®CI? BA1CO51- 1& 508N E/ B:&% ; B&3813(BB
SHIC31X58 @38 521 B& & ; bK &K, A& FQGCs/ 3C; A B48308D 1-/ 5@18&5MB1- & 72
, 25& &3/ ; Q B& 34,7E K ALK A& FQG&/ 3G; TB48BEY 1-/ 5S@18&A Q CBO & - &3 -
, &3/; Q B&K 430K, A& FQCs/ 3C; 7 B485(RY 1-/ 5@18&7E F30 |

OA3& K, A& FQCRL334&458\ @& 1BE & B1AB& BD7317BK- 344, ; 2 NBH78A
A3& K, A% FQCE ,8AHBRBK 308 B1(B& ZA3&EN 31- 3&%HBMB; B0 B1(BIHXK3- -
HBD7317B&l- 348, ; 2 B ; 2 &30QL8& BKERS- IBLE [ 7CBILEN3E ; B SHA3& K, LA
HFQCSA; &0 1-/ 5085M81- & SADHBRBK 30 B1BSA; 1&A3& S5SBESE / BN ; 2 SHA3
- K, A& FQGSA, &) 1-/ SUBSE [ G B4&; 2 &BGM- |

L HS %8 ( SH

L50% ; 1B83; O &@B& 33181 BB- B4E1E& - BLCADB157- & B BE - I&A3& T$$ 0BG
CA/ &\ K3&7, 2% B/ 18) ,0b- B BE - & 33&BRBBLC3& FSFBW3E 51- 1) B4&&,E/ B
; - BLCAB157- &K, ZA&I FQO & - MBASD & S5@B&; 2 :& 1& - BLCADB157- &K, A& FQGK, 7 ; ,2
F3I3B&2 @18:& - &18& - &3C3- - ; (B8, 2 && /1 3; B ZA3&570C3I&X3BEIL,- A 188X, ?
; 25&; & - 8518& - & &3C3--; BII&/ ; (385&/  3; & BA3&3-21; 251I&A&3IK331&2 @
; 1481 - AAR3& K A& FOCK , 2. 5B& - K3 - &) 1-/ S0BA3&; 2 |

OA3& T$$ O ACABCY BE&BDY (B- & - BLCAD1BH 1 BS ZA3&570C3- & 14&3-21; 251-
S5HA3& K, A% FQO&BLCAB157- 8E/ BE 312 251- FEAHIRIE- & 14SHA3& K, A& FQC
; B& 5-- F3& b@OA348A3BS - 380 74,BHMHCC7/ ; 1(B&,2 86& CA3B&A3& F,. D (B#3? B
BD7,B4& &57023- & 14&3-21; 251-1

LT$$0O- &-BLCAB157- &/ 3CHG 25183; @- & 7CASBNF,7BS5&E [ BE 312 251- &
AB148A- &/ 3CHS 251858BE ; 1&,31218M3&/ 334&SHA389057- & ; @ SR T$$O
| BC-3BEBEB; BSE/ BE 31380 815 57- &BNF,7BSSEE | B@B&A3& 3G3(E ; 1C3&0B47C3
N385- BHA38 BC3- - ,1843@C3- §1& & T$$ OB BE 1& HBMB1A. (bC3- -, 188BE 312 :
C BAYRE- & 1&%/ 30 B& X4 HBB1&/ 334- 1&A - SBBIBNF, 788 B-312 & 18/ 5@ 12
/ ®8Q E E ,18&A 7B183I& 3& 7- Z1) 8. (B8Q E - & XK, Bd1C518&5UIBCBELE&/ BHHK 43
@Q; 251&818M3&/ 334- U HBBLA. ; R HHE & T$$O&B BE|

)BT AU )P, - &

OA3&. T$$ & CCABCT B&HE ,2 &34 (8Q E &571B0&AC74,188 & B8Q E &57130
K574/ BSA &R1- TVC251- & @& &, Z7Q &3D731C3I&4 - B; 4:88N 1 MBIEA3&1 - TV 25183 A
E3CA 1-E&HA3&L T$SOK CABCY B - & &/ 3C; BRIBE&S113CB48BEA3& K A% FOO&IA3
/ 80 EE 30%& 7- K- 38N CAIP[ $&1- IV 251 - &BA3ABRC543&; 8&43- QY B0 1&B5EN3
RBZAL1,2&85; CASH43&; 8&43- Q) HEB2 EN3EBTAK 1, 85K 8B5&I48A3& / 3CHBA&; 8&%H
1- Y C51- I&A3EITAL 1,2 - 73- &A3&1 - B/ 251 - L1813 &; 8:&44,188A3E EHEN3&1 - ¥ 51

L BU& () *+-.) 1 01BABIS787- K 9:&)) * & &) =) /; 83&
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| 553 GBBH 1 X858B&3E731B18&561- 1) |12 :&BE&SBDKI 1,5 &B3&5E: - 73&1- 2/B51-
FbG &B8H4380 88H1B7UB126H K1 & & 3E731B3&R2 &H18&06,B3 %iks 7- ZB2 1808
-3E7/31B3&% 1%l - /B251- 8D, & D, B& &G G51&571B37

| D3B& A58 G/ &1- D/B251%A - B; 4:& 8 KL$&L- T/B51& 1HD3BELSB&H43
@8&314- & &B- DIH4A380) 84 3- B)/ DEEBEBBDK 1,286 &54380) 8&3- BU/ 5K ; GG 3
FEG&B&H72 7R 5G 3& VNS OB G & 3G50CE&I 5B5CB0& &) 8&RR1- T/B251- &; CG&314
; -&; 1CB%K: - 8H&3/ ; Q B&8H4380) 8&3- BY/ B0 &SMBE&BBDI 1%, - &3- (B4:8D7- &1,2; 218
502 >18&51B70B1XD(B; 4- HFEH43%E BRESLH % 7BDMB; 4- H@B0 RBB 7- 3&B8C8: BP
143/ 3143122 BE5,@B0 & 7- XD, B&BE 2 B& BBAL & EIBIAN- JLEBEHTE S| ?
S,@0 & 7- BH5/ 3Q B?

US52B3&D; & 80 8&R1- Z7B251- &, - 581 B0L; &B/ (B- 312 251&%RK2 SH1
@8,11,18:814%X318D& D- & &1&D; 0 8617 - Z5851CB1251; ¥5; BD13- &IC3B&BL14
5R: &85438a5BPB 18B&5 71451 X800865P, 1881 - 4388864385 BIBIXG/ &1- TVB2518D; 2
G, (P &2 81484 - B; 4.80886B, 251& 14BVB1 BRIB&BH438Q) 8& &/ 3BF34&812B%72 43
IB&0 881 &B&H4380) 8& 3- BU/ HORNV,CB1& 854380 8&3- BU/ 50& &8DL 30505; 1B3
ST$$| &C BGE&; CHDB5- 3858 BRBBDIIBB12BERD 8HRR1- IVB251- &l 5B5CBA& H8D
/ 3050G; 1B3&T$S$ | &C BCE&E74AEB; ) 1838881 - 7 B251- §1&BED 8&5&/ 2G 3
/ 3050G; 1B3?

" 54380 8- &; G BO: / §18&3G50EABB; 7- 3& 3CBQ #H438Q 84 3- BY/ B0
G; G&51858%C80; / / ,18& 44(B- - 3- §1& 3G50CE. D- &3; ZB&s; C8. 305, 856G/ ; B#H43
-5(Q 838®IB& 2 REDHAC& 1481458 B8Q G&BS/ -?

667805 TS| HA30 & &57M3&3E731B387; Q 18381& 1CH13856438Q 8850
- 7B251- &1, DEB& ; G3&57B3& 44(B- - :&83 1158 (bQ438D, 7; Q 133850851B870812C
- 7134854380 8- T, 1&33&H5&1; G 854380 8- & ,8D&: - 73&51B70B12CE5,0 288
/ 38Q G&314- &3CBQ #H4380) 8&3- BY B0 &SMB&BDES3BD, 1,- G&S1B70B12CB&SED
71,%5; 8. (bB3- - 8854380 8- 8583 B0 K1 & & 3E731B3HRE2 HH1&B065-,18& Dr-
; 6 78D8B&L- T/B51- §1& 1CH1380 881,25, 12 ,1&57B3&3E731B3&7; Q 133:408
87; Q 133& 8- BBH331&Q 8- ?

6 &3B514&1; CGBH4380) 8- & ,8D&: - 73&51B7UB1288574&SBB/RL&EEG/ 3V
G/ 38G312 251- SR5T$S| Wb &G/ BVEGTS S| &H74A&D, B&3CBQ #H1B70B1E3BDI1,2 ?
%W BDEBBDL 1,2 & BEX- &/ 3B, BAVEN- :& @BEBEBBDK 14& - 738B&1- AVB251- &/ 3BR348C
; 8354380 8&3- B)/ B0 72/ 3&BOK1,2 B57A& - 73&1- TVB251- 861B7AB12€& 3M; / - &0
-3/; 0 B&@0 :& 14& 8; 1&8B&57MB3&3E731B3&87; Q 13838 ,8DXBED- BBHI318D) 8- ?

M5H3B0&B8&57B3& 3E731B387; Q 1B3&53- &/ / & Bb- - 854380 8-
BBDB4&3E7312, &, Dr- &1- T/B251- §18&13864380) 88D, &, P3&; 2 &5G& &; ®Br>0
- 57B3&1,%&: - 738&BBMBEL- IVB251- XD, & ; G3&57MB3FDG & & BAEH4380) 8 8BA BH3B2
3; BDBBDK 1,8, - 73& ¥1- TV B251- &G 13864380 8EBPB& 2 R188D& - 73
1- D7 B251- &5 G &B& 3VAD 88 D3&51B70B1BCY (b@BG &D7- &B478B3- &68B88&5 3; 1,18%F
Q3VZRE50861B7/0B1 864380 8- . & 3VRD, - &5&53; 1,187

| HSORH &( ") K H +# (B

| DBB& B&H580888- - 51- FHG & 543004 B8Q GG,188& 187; 83- 85,0 2&; 2
X 3-& B&G/ 5@ 1788/H 1880 348& 187; 83- &G/ (b(B& (680 GG 3. (b4 7B2QZXEAL
F14,188050 &; OCE/BB514.&; 2 4,18& &>58G/ 5@ 178\ 4,18&bG&- 30 &32 >& @72
HD,BDSDBCL334&52°15H& > 58G/ (b(B- & B47B2QLTRY ; 2 &4,188G/ BCB- & Bb47B2QZC
@&B1430188&>55473- &51B&143/ 314312
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? 5- Za)y AB13&3-,8130 &1430 2 14&; 2 &7 3- $E381 383085, 2188.5,12
AB, Q ABQ&DH53; 14 14&5850BHR ; AB13&3-,8130 &B1EDRE,; 2 &7 3- & - &,- 2187,- B34&C
@B3; 1,18K& ; AB13&3-,8130 &15| & B, X 181 B83%a3; 1-:&3A 7-3&B3CEKL5| &51 &6& 44
123830 Kb B DX, AB,13&3-,8130 &5&3F13&J; AN0& B; ZB3& 44&/ 3Q 251&53-H

K724, 2 &0 3- & - &1430 55481& 251807 348187, 83- & BX1& & 14, @312 D
| ; CHb@& 7ABS@;, AB,13&; 2 &0 3- M5 18087 348)187; 83- &B; H4; 2 &7 3- 10K -
4 BB1X 148 - 21A8, ,B57X 2Gr2188a8; 1,18858B3 Q% & 251800 348187, 83&453- 112
ELS] &0 (B& B; ZB3& (580 @@B8AB; 1- &3C& &5IH5 XK & 7C3:888 (B- H10EB;, BK5JI3-
4 BEb@& 7G3- & 148B; XB3& (580 @& &3; % G678 BAB&KT 3&/ / [B- I8 & &3 380H0
BOB3& (80 @EBE&- 3& K5I8 86GH1MK & 7G38 1&45H

M5| &58B3-3851A3/ 2 &/ | DEHEB3&3- ,81&SRCH$ PQEAL&ACRB; IBOU3F1,251
S5NCH $ PEEB IR A28 EB38a);, AB13&3-,8130- K3 HF¥; 2 &7 3- ek [3485&B; [B3&B3
/ 51 305K R5,4,18& 15 ZB@ &B5& - OEB&A3; 1,1885&; 2 832 1E8RI3F134:8508; AB&; 2
20 3:& 18675 14852 ; ZBALAXMNKXEB; 20657 87,43NCH $ P!- &3B; R50-48/6 @38WWK
R D3- 81307/ B4&B3& A251- &REF 2 14,18\ 8a6R3&1- 27 A251- &Z, 14,188a6R3&1- 27 A251 -
| BRBABHBAJR3& (R 2B; @188% BVD251-:& Bl ,188B3& (b8Q @@BXSEN (B&/ WNCH$P&S
l;--&; 2 &75@ 2A MEBGH78B&3X 18 B7D251- VBl 3R30&2 14,188a6R3- & BbR34
A504,1; BB, HEBEBA@1; BH

#15] &338WKR D3-&14&2 14,18805R3- & - & &I 1430EK5BIWKER I3-
; 14&2 14,18805R3&1- 27 A251- & BB513&H@EB,- &3- A/ 251HRNCH $ PHBN7 2585 14
R O3-&-A0&B&5@B&/ 3A; [3a3; 1,1885& ; RATDRB@G1L,; 251- HRE52 :&B47A1888B3
M3J,GICB 5 8B38& (b47A30 & 14861- 7@30 SREB5- 3852 KB, RB&6@3:& B 0% 148 B30
/; IHIE5&B; [F38B; & B1A3%18B3&03; 1,18HR52 & :§14334:806B&BY731&8B; 1&1C
@B; 1,18885712SH3MEXEB3@H

PB,- 8aB3@5&/ / [B- &; 2 8,4,188383,18812B0% ,B31%18&B38a83; 1,18%REB3
4;2 832 &) 1-/ 50B48338B3& | ,2B& QQASNCH$ P& 33485151 &B38a3; 1,18HRB3&52 82
A 1-/ 5@ H¥PB3&52 &; R3& [EB38a8; 1,18& 14&1M8&B38aA8B; 1,18& - A0G34 85883 @8&3C8B3
YIVHE - HBFRSB38 3- ,8130% R &IV &B; 2153- & OB@B2A4 - B3- &5&1LAT438&B/ B-312 251- &0
AFL2Z8B38)- BB@B1HR &D18:5B3H 7RG 14K U3- 8B, X B,- 8B5,A3:45Z213H
[ ;2 84,1880 B3- QB $P& 815- 2A8 Cb7XB3&; 2 &80 1-/ 5@ H

64, @& 38; ASEIH78BXB,- 81 B5IBA7- SEABELSE - 7; [B1R30 ; 2518 BCGA52&3
-; 483 ZB3§ (80 @@B0%3A438B3& ABSHREIBB3K OBAB2AR BC&B57RACHS$P
-/ SBAFSEB; 123830 &IBBJ; AR (HK 9B ] &2 QEA- B; 4:%54, @& -- 3084:832- &/ ,B&
UV &B; Z453- §1 88308 0B@B2A%1& &32 :& B3B& & & & ; Q @BB0B,R31858B; AW &C
B3& (180 @@BHEED BB, [F34& 52108 B, & 8554843; &B; & &5/ R D5&B; & 385 1
3; - [OU5&K1& & 7,2 BV EBA 7- 3B $ P& - AOG3- &58a3; 1,18858B38&32 &%) 1-/ 5@ H

| #S% & (

\ 5014 AB:E&B3&7ARBMHR2 NBSP&B57A&B; & - & &1,%0I 50 & HF
@ 5@ 1A385NCH S PHRA 33483@; 14- 8B, BNCB$P&D 1-/ 50852 18 B3BH7/ - & B4
T ,43& 504- HEH 13BCBFA3LACA3@; 14- &B;, ACE$P& D5&) 1-/ 50% @ B8&AB- - ; 83- HF
5108 &1 &2 &\ MB4&IL; Ubl & 504- HENCH $ P&Q7- 22151 & 7 ZRB3& 4BHRE2 & 5%- H

#B; R3&1&X14&3R30 @ 50314 4B- &B; Z)8BA&61R31,3170& 3(R3& F3(B1&L334-H
H 2B(B- 218&CBSP&@ B@312 251- & ,MB; R3&5@B& 504- B A3; - B ]| &2 HEE33B3. 25180
B, RCH$P&B57&5R3& 504- & 8&53851830B; 1& & 51 3062 5852 &5& A @@54; B&D 3
AB0a; 251:8UD0RB3AEL8:& 14&7HRS 144, ; 28(1- IBEB1ESR _ 1& &) a & - &B3&8BA, 504
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B182880AB $ CIRC?3&) E §IFBG31E & HA 0 :&17 & 33G- & 8554&5G/ BG .- 3
H32) 3318&1.334& 14&5- 13% 8\B$ $ C& , 2 &( &K 5%- §1853G50 &33G- &5&B& H728?D

#2; L3&; G3- &-813G51,F~ &% 057- & 5018 42- 880AB$ $ C.&17 &»5- 3

1; G3- &334&5%& - QH3& 3; 1,18&5&7238 501- [BVIBB& B&5G3& ,\B- SABS$ C& 7574
F51- 43088081 504- :& & 5- - H3& 70 5- 388083; F?& 14& & 7883- B4& A2=

token& &; 2 3-- BL31 K- 3@H1+% 8806 30/31F18&4 &2 & /43

bit-82Q! $:8\6 BYS$ && B3; - &1 X 43

nibble& &543&& H6 728812 & 43

character®. 1&1- ,8134&?; Q FAB543&8 B3, - K*&12 & 43

short% & 7GH304&.5-- H+ & , 2& 81&L& B3; - X (&2 & 43

long% &7GH3Q4& 5- - Ht & ,2& 81&WEWD; 2188 5,188 X8; - B R&12 & 43

code bag descriptor¥ SB@B1F3&5& &t 8% @543&& A2&1S15J 1

memory pointer81578?8&12 && 44(B- - 862 @ 3G50 && A42&1S15J 1D

T138& 8?82 1S87; BB$SC8 574&; L3&& - FQH3&53; 1,18858723& 3G 50
1 51808 1485823&543&+ 8&3- F)/ Z03/5J 3L.30&%1% & S8F?&AVHI&A334& - QH3&53; 1,18
5&23&543&t 8&3- F)/ 50& 14%1% & & 3G50 &B; 4&AVIHIS K & 3G 50 & OB&MHI&L 334
; - FOH3&53; 1,18858&3G50 &5,130 D

V; 1l &MJ- &; | §1FY4381/ 72 & 14&72 72 880&543&t 8&3- F)/ 50 [3C?3

/ 80 GG30%k; 18> F3&/ TWB&L- 7F251- & Z23&%72 72 @ 7TF?&4ViiU- 8680 1-/ 50%

- 3BFB4&5438&t 8&3- FO/ ZXBEE&?38BF?& 1, ARANAI- &2; RSAES 72 B&543&t 8
43-F)/ B0 &; 183338 &543&t 8&3- FO/ DXK:/ / B/ Q; B&S&514,251- [R ?55-,18&

| ; ®F7> 05438t 8&3- F)/ 50 1&3BFA23&543&1 8&3XEBF?34[EA5UBX G/ B:&
G/ ; Q D0MHIES 8?&5G/ ; B&I 5&; ¥3-& 148 BLA3& - & 72 TRS5X1* & &553; 1
B/ B-312 251%@P3,(8B> 2L.3&; ¥3:&17 X >5& &5438&1t 8&3- FO/ HAE?; X4312@B- &5G3
F543& /1 &6/ Q; BEBE?; XB- 713 &IMMRIES 87K >58& HB& &543&t 8&3- FO/ HBE543
[/ B Q; B&BE&1BXF3/ 251&TF?& - & 1&143@3481/ 7&; ¥3&X% 02G32FR%L308J D
CB; 218&543&1 8&43-FO/ B0 &-&; 2 & BL,43- ABS$C& , 28 B8Q G& 1F?3-D

SEQUENCE

C?38B$$C& F?, BFZBE BLA3- & 5&3/; Q B4 ; | - &B&5125%30731F3 A0 2
23883) &@; 2 &B78?8P3&AMY- &, 18432805,13823&30731F3&1& ?, F?&/ TWh &1- 2/ F251-
AR BIBASBX, G/ B:&51- 438s; DX 44,2513 2 H3& T WS &1- 2V F251- &; 1&5113F2
2 5& 443B- - 83130 50 &5&?3& 44(B-- &1/ 72 @ & 3G50 &B; 4&4ViHJI& 1483530
- THF3-- L3&; ¥3- 8582381/ 72 @ 1& 443RAVHIEC?3&% 72 7% @P3& 4430, 18585&
G3G50 & OB&IMHIIERY 3F; 7- 38; F?&AVHI&35L.30 &72 72 &1% & @UB32184&1/ 72 :&23
@) &@; 2 &B78?&7TF?& &I - BG&3O/31F3- &3&23Q) - 3&S1F/AB1R/ TWH&L- I/F251-D

C?3&,; 2 880G &, BALDEB1[ &, 1&3% & 126823&30731FR3&/ 3Q 251- & , 2572
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