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Abstract- In this paper, we describe the imple- 
mentation and design methodology of a microproces- 
sor, called HK386. The microprocessor is compatible 
with Intel 80386 with respect to the behavior of each 
instruction set. As the extraction of the exact behav- 
ior of each instruction set is the single most important 
step in compatible chip design, we focused our effort 
on establishing the reliable verification strategy ensur- 
ing the complete instruction level compatibility. The 
HK386 was successfully designed and fabricated using 
0.8 um CMOS technology. 
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11. ARCHITECTURE 

As indicated in the block diagram of Fig.1, HK386 
consists of 6 blocks; an instruction prefetch unit(FU), 
a decode unit(DU), a control unit(CU), an execution 
unit (EU) , a memory management unit (MMU) , and a bus 
interface unit(BU). 

I -.. ........ I 1 , ......,.. . 
FU DU cu / 

I ,  y-command 

................................................................................. 

Fig. 1. Block diagram of HK386 

These blocks operate in parallel and in pipelined man- 
ner to increase the performance. The FU fetches instruc- 
tions and sends them to  the DU. The DU translates the 
received instruction into a decoded form which is easier 
to  execute, i.e., generates addressing mode, operand size, 
and determines the start address of the control ROM for 
the instruction and so on. The CU has 4000 word x 40 bit 
microcode control ROM. Through micro-commands, the 
CU manages the EU and the MMU. The execution unit 
contains 8 general purpose registers, shifter, ALU and spe- 
cial hardware to efficiently handle the protected mode. 
The MMU consists of segmentation unit and paging unit. 
The segmentation unit translates effective address into the 
linear address, while the paging unit translates the cor- 
responding linear address to the physical address to be 
sent to the BU. The BU controls all of memory accesses, 
and generates bus control signals required to  communi- 
cate with the outside of HK386. 
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In ehis scc:t,ion, we describe a design methodology that is 
c.ffcc:t,ivc' in t,hc design of compatible chips. We used clean- 
room iirltl top-down approach for the design of HK386. 
The most importjarit thing in the compatible chip design 
is to vxtract t,ho exact behavior of instruction set,. Es- 
pc&lly, x86 instruction set is complex and veiled. We 
imalyzed the behavior of x86 instructions using instruc- 
tion set analyzcr(1SA) whose concept is explained in Fig. 
2 ( a ) .  For a given t,est program, the ISA executes x86 in- 
structions in thct real PC environment and, also through 
thc irist,riict,ion set model, and then the two results are 
cotrlpiirtd iirld analyzcid if any discrepancy occurs. 

Mods, 

(a)  Irist,ruct.ion Set 
r\ rial yzer 

(b) C-rnodel hardware 
vcrificatiori 

Fig 2. Iiistrrict,iori Sc,t, Arialyzer and C-model hardware 
vor i f i (.at, i or1 

OII(Y> knowledge on the behavior of t,he instruction set is 
raptiircd, WP t,hen build an instruction set, sirnulator(1SS) 
which is il collection of C-language description of each in- 
st,ruc~t ion. To verify the instruction level compatibility of 
thti ISS: there are t,wo approaches. The first approach 
is t o  cwnstruct PC-environment, which denotes all hard- 
IGWP romporicnts in P C  except, the microprocessor itself, 
in softwitrti rriotlcl. Therefore, various programs such as 

tcwis, e.g. MS-DOS, Windows3.1 and Linux, 
i i r l t l  applic.;ttiori programs can be run on tjhe fully ink-  
gratrtl soft,w;irc model. The sctcond approach is to use 
t lw  targrt systeni board, c . g . ,  real PC hardware except 
rriirroproc:essor, which is shown in Fig 2(b), as it is corm 
posed of host computer, target system board and interface 
1)o;ird. The host computer simulates t,he instriict,ion set 
through ISS and the targct, systmri board is used as real 
PC rn~ironrrictrit. The t,arget, board and host computer are 
coiinoc.t,cd throiigh the interface board which contains sev- 
c m 1  FPGA chips which cmulatc the bus interface part of 
t hr inicmproc.essor and include the interface circuit, which 
rwrii-m aiid sends messages from and to host computer. 

From thr. basis of inst,ruction set behavior arid target, 
;mhit,oc.ture, dcsign specification is defined. We defined 
tho HK386 archit,ccture as pin-t,o-pin compatible with In- 
tc.1 80386 and part,ially pipelined machine. The functional 
~iiodt,l ;trid st,ruc.t,ural model were implemented as defined 
in design spwificat,ion with Verilog. To guarantee the con- 
sistcmcy h c h w n  ISS arid structural model, we compared 
the> results of irist,ructiori execution of both models at ev- 
c1r.y inst riictiori boundary using interprocess cornniunica- 

tion(IPC), where ISS and structural model run in parallel, 
executing each instructions one by one. When thc struc- 
tural model completes one instruction, it sends its rrisult,s 
to the ISS, which compares t,he received results wit>h it,s 
own results and reports whether the results are consist,ent, 
or not. 

1V. IMP I, EM EN TATI o N 

We used Verilog HDL and C-language as front-end t,ools 
and moved the design to  the COMPASS tool which was 
used as back-end tools. The HK386 was fabricated in 
0.8um CMOS technology and its photograph is shown in 
Fig. 3. There are several macro-blocks shown as regular 
part in chip photograph, e.g, data-path of each block and 
ROM, which were generated with dat,a-path synthesizer 
and ROM generator. The control logic was implemented 
using standard cell generated with logic synthesizer. The 
macro blocks are manually placed and standard cell and 
overall routing was performed by using aut,ornatic P&R. 
tool. The HK386 chip is plugged in real PC instead of 
Intel 80386 and several operating systems, such as MS- 
DOS, windows 3.1 and Linux, and MS-DOS and windows 
applications were siiccessfully run. 

Fig. 3 .  Thv  photograph of the IiK386 
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